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Summary. Cyclophosphamide  demonstrates  enhanced 
tumoricidal  activity with decreased bone mar row toxicity 
when given on a divided-dose schedule in certain animal 
models.  A total of  22 patients presenI:ing with refractory 
metastatic cancer were treated in a phase I trial of  continu- 
ous infusion o f  cyc iophosphamide  over  96 h. Granulocyto-  
penia of  <500/btl that lasted for  >14 days or thrombocyto-  
penia of  <25,000/gl  that lasted for >14 days was the target 
dose-l imiting toxicity in the absence of  nonhematologic  
grade 4 toxicity. The  maximal  tolerated dose was 7 g /m 2. 
Three patients died. Of  21 evaluable patients, 9 responded,  
including 8/9 who had experienced disease progression 
during prior  oxazaphosphor ine-conta in ing combinat ion  
chemotherapy.  Clinically meaningful  responses were ob- 
served in patients who had demonstra ted  clinical resistance 
to an oxazaphosphor ine  drug given at lower doses. 

Introduction 

Cyclophosphamide ,  an oxazaphosphor ine  derivative of  
bis-2-chloroethyl  nitrogen mustard,  is the most  widely 
used alkylating agent. Cyclophosphalnide  undergoes ex- 
tensive metabol ism.  The  parent  transport  fo rm displays 
low alkylating potential that produces  a relatively specific 
tumoricidal  activity and a therapeutic ratio that is impres-  
sive for an antineoplastic drug [3]. Granulocytopenia  is the 
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dose-l imiting toxicity in clinical trials, but certain nonmy-  
elosuppressive toxicities, cystitis and myopericardi t is ,  be- 
come prominent  at higher doses [11, 13]. 

Cyc lophosphamide  is active against  proliferating and 
nonproliferat ing cancers,  as are most  alkylating agents. 
Unlike most  alkylating agents, it is more  cytotoxic to pro- 
liferating cells or tumors [5]. Efforts to improve  the thera- 
peutic/toxic ratio by schedule manipulat ions general ly re- 
sult in an improved  therapeutic index in mice treated on 
multiple dosing schedules [14, 22, 23], al though not in rat 
sa rcoma [2]. The in vivo preclinical studies of  multiple- 
dose cyc lophosphamide  in mice demonstra te  a substantial 
increase in therapeutic ratio that is maintained over  a broad 
dose range [14, 22, 23], resulting f rom both an increased 
cytotoxic effect  and decreased toxicity to sensitive normal  
tissues. Decreased peak levels achieved using an intermit- 
tent schedule lower the cardiotoxicity of  high-dose cyclo-  
phosphamide  [21] and were first used clinically at the 
Royal  Marsden  Hospital  in autologous bone-mar row-  
transplant condit ioning regimens [20J. Using these obser-  
vations as a basis, we  began a phase I clinical trial o f  
continuous-infusion cyc lophosphamide  in cancer  patients 
as a prelude in including such a schedule in a high-dose 
combinat ion reg imen for autologous bone mar row trans- 
plantation. 

Patients and methods 

In a phase I study, patients presenting with unresectable or metastatic 
cancer received a continuous i.v. infusion of cyclophosphamide over 
96 h; the starting dose was 2 g/m 2 per course (500 mg/m a i. v. daily over 
24 h for 4 days). Mesna was given at the same dose as cyclophosphamide 
for 5 days as a continuous i. v. infusion to any patient who exhibited _>50 
red blood cdis/gl urine. Mesna was used in the same solution. When 
2/3 patients at a given dose level requi~ed mesna, all patients treated at 
subsequent dose levels received mesna. Infusions of cyclophosphamide 
(and mesna, when used) were prepared in normal saline and were 
changed daily. In all, >98% of cyclophosphamide's activity persists after 
24 h in 0.9% saline solutions [4]. 

Doses were escalated at 1-g/rn a increments, and dose escalation 
continued until 2 of 3-5 patients/dose level experienced dose-limiting 
toxicity (DLT). DLT was defined as irreversible grade 3 or arty grade 4 
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Table 1. Patients' characteristics 

Patient Age Diagnosis Dose 
(years) 

Duration of Toxicity (days) 

(g/m 2) (No.) ANC Platelets 
(<500) (<25,000) 

WHO grade Infection Response 

Cardiac Hematuria 

1 43 SCLC 2 (2) 0 0 
2 60 DWDLL 2 (1) 14 14 
3 46 SCC anus 2 (1) 0 0 
3 46 SCC anus 3 (1) 8 0 
4 31 Melanoma 3 (2) 7 0 
5 33 Leiomyosarcoma 4 (4) 0 0 
6 39 Leiomyosarcoma 4 (2) 0 0 
7 70 Colon carcinoma 4 (1) 10 0 
8 49 SCLC 4 (2) 13 0 
9 40 SCC anus 6 (2) 19 19 

10 42 CML 6 (1) - - 
11 29 Breast carcinoma 6 (2) 11 0 
12 47 Breast carcinoma 6 (3) 7, 14, 35 0 
13 41 Breast carcinoma 6 (1) 10 0 
14 29 DLCL 7 (1) 21 7 
15 34 FSCL 7 (1) 12 7 
16 18 Burkitt's lymphoma 7 (1) 10 9 
17 47 Breast carcinoma 7 (1) 31+ 31+ 
18 61 FSCL 7 (1) 13 7 
19 35 Thymoma 7 (1) 13 0 
20 40 Breast carcinoma 7 (1) 0 3 
21 59 DLCL 8 (1) 19 19 
22 42 SCLC 8 (1) 19 0 

0 0 0 DP 
0 0 0 MR 
0 1 0 DP 
0 1 0 DP 
0 1 0 DP 
0 0 0 PR 
0 0 0 SD 
0 0 + DP 
0 0 0 PCR 
0 1 0 PR 
0 1 0 DP 
0 1 0 DP 
0 1 0 PR 
0 0 0 DP 
0 0 + PR 
0 1 + DP 
0 0 + CR 
0 0 Died PR 
3 2 Died, + IE 
0 0 Died DP 
3 3 + PR 
0 0 0 CR 
0 0 0 DP 

ANC, Absolute neutrophil count; DR disease progression; MR, minimal 
response; SD, stable disease; PR, partial response; CR, complete re- 
sponse; PPR, pathologic partial response; PCR, pathologic complete 
response; IE, inevaluable; NSCLC, non-small-cell lung cancer; SCC, 

squamous-cell cancer; DWDLL, well-differentiated lymphocytic lym- 
phoma; CML, chronic myelogenous leukemia; DLCL, diffuse large-cell 
lymphoma; SCLC, small-cell lung cancer; SNCL, small noncleaved 
lymphoma; FSCL, follicular small cleaved-cell lymphoma 

toxicity (WHO grading). Myelosuppression was dose-limiting only if it 
lasted longer than 14 days (dose escalation along with autologous bone 
marrow support was planned if myelosuppression was the DLT). Per- 
phenazine or metaclopramide was used as an antiemetic (no barbiturate 
or steroid was given). The dose level preceding the DLT was defined as 
the maximal tolerated dose (MTD). 

Eligibility criteria included an age of >17 years; a CALGB perfor- 
mance status of <2; levels of SGOT, bilirubiu, serum creatinine, and 
blood urea nitrogen that were <1.5 times the normal values; a WBC of 
>3,000/gl and a platelet count of >100,000/~tl (unless disease-related); 
normal cardiopulmonary status; a creatinine clearance of >60 cm3/min; 
the failure of any curative or palliative standard therapy; institutional 
review board approval; and signed informed consent. All patients had 
undergone prior chemotherapy and must have demonstrated disease pro- 
gression during their last therapy, which must have been completed by 
_> 3 weeks prior to the beginning of the cyclophosphamide infusion. 
Daily blood counts and urinalysis were carried out in the hospital, and 
hematuria had to be _<grade 1 before discharge. Outpatient management 
required biweekly blood counts and prompt reporting and admission for 
fevers of >38 ~ C. After a septic death occurred at 7 g/m 2, all subsequent 
patients were hospitalized until granulocytopenia had resolved. 

Patients were eligible for repeated treatments once myelosuppression 
had resolved (average, 4 -  6 weeks). Except in patient 2, who received a 
second cycle of therapy at 3 g/m 2, no dose escalation was implemented. 
Subjects 3, 5, and 9 had undergone pelvic irradiation >6 prior weeks in 
each case. No patient had received prior chemotherapy consisting of 
melphalan, chlorambucil, nitrosoureas, or mitomycin. All subjects were 
evaluable for nonmyeloid toxicity, and 21/22 were evaluable for all 
toxicities and for response. Complete responses (CR) or partial responses 
(PR) required either the total disappearance of or a reduction of >50% in 
the bidimensional area of all measurable sites of disease, respectively, for 
at least 1 month after the start of chemotherapy. 

Results 

A total o f  22 pat ients  aged a m e d i a n  of  42 years (range,  
1 8 - 7 1  years)  r ece ived  34 cycles  (range,  1 - 5 )  of  con t inu-  
o u s - i n f u s i o n  c y c l o p h o s p h a m i d e  (Tab le  1). O n e  subjec t  re- 
ce ived  a second  cyc le  of  therapy  at the nex t  h ighes t  dose  
level  ( f rom 2 to 3 g /m  2) because  no  s ign i f ican t  toxic i ty  
occur red  after  his first cycle.  Al l  pa t ien ts  on  this s tudy had 
rece ived  pr ior  c h e m o t h e r a p y  and  had  exh ib i ted  progres-  
s ive m a l i g n a n t  d isease  du r ing  the mos t  recen t  r e g i m e n  
pr ior  to the p resen t  s tudy.  

Toxicity 

M y e l o s u p p r e s s i o n  of  g ranu locy tes  (___500/gl) and /or  
platelets  (<25 ,000/g l )  for >_ 14 days  was  dose- l imi t ing .  
Both  of  the pat ients  who  were  t reated at 8 g /m  2 deve loped  
m y e l o s u p p r e s s i o n  that c o n t i n u e d  for  19 and  21 days,  re- 
spect ively.  Thus ,  7 g /m 2 c y c l o p h o s p h a m i d e  g iven  as a 
c o n t i n u o u s  96-h  i .v .  i n fu s ion  was  cons ide red  to be  the 
m a x i m a l  to lera ted dose ( M T D )  the p resen t  study, wh ich  
accepted  s ign i f i can t  mye losupp re s s ion .  

G r a n u l o c y t o p e n i a  of  <500 /g l  deve loped  in  5/8 pat ients  
who  were  t reated at doses  of  --<4 g /m 2 and  in  13/13 eva lu-  
able  subjects  who  were  t reated at h igher  doses  at b e t w e e n  
7 and  10 days  fo l lowing  the onse t  of  therapy.  T h r o m b o c y -  
topen ia  of  <25 ,000 /g l  deve loped  in  2/13 pat ients  at doses 
of  -< 6 g /m 2 (both had  p rev ious ly  u n d e r g o n e  pelvic  i r radia-  
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tion) and in 6/9 subjects who were treated at doses of 
7 - 8  g/m 2. A 47-year-old woman who received three cy- 
cles of therapy developed progressively longer periods of 
myelosuppression, suggesting a cumulative effect. 

Myelosuppression resolved in all but three cases. The 
only patient who had exhibited a WBC of <3,000/btl and a 
platelet count of <100,000/B1 had refractory chronic my- 
elogenous leukemia (CML) with <500 granulocytes/btl and 
<25,000 platelets/btl at the time of treatment with 6 g/m 2 
cyclophosphamide. His peripheral blast count fell some- 
what and he continued to receive other therapy. A 35-year- 
old man presenting with thymoma died during neutropenia 
when he refused further supportive care because of un- 
equivocal disease progression. A 46-year-old woman pre- 
senting with. breast cancer died of fungal sepsis on day 31, 
after Stevens-Johnson syndrome that developed due to B- 
lactam antibiotics had aborted bone marrow recovery and 
caused secondary bone marrow aplasia. 

Infectious complications increased markedly at 7 g/m 2. 
Whereas 1/13 patients who were treated at lower doses 
exhibited a severe but reversible infection, all 9 subjects 
who were treated at 7 or 8 g/m 2 required hospitalization 
and antibiotics. A 34-year-old man presenting with re- 
fractory non-Hodgkin's lymphoma (NHL) developed 
pneumonia but recovered. A 61-year-old man presenting 
with NHL developed fatal. Escherichia coli sepsis after a 
prior colostomy site had dehisced. The woman who 
developed Stevens-Johnson syndrome died of candidal 
sepsis. 

Mesna was required for 1 patient at 6 g/m 2 and for 9/9 
subjects at higher doses. Asymptomatic hematuria 
developed in 3/10 individuals who were treated with 
mesna and in 7/12 patients who were not. Only one subject 
developed grade 3 hematuria (clots), which resolved en- 
tirely on hydration. 

Cardiac toxicity was observed in two patients who were 
treated at 7 g/m2. A 40-year-old woman presenting with 
breast cancer developed clinical congestive heart failure 
with dyspnea at rest and pedal edema. Her radionucleotide 
ventriculogram (RVG) showed a decrease from 55% to 
37% in her left ventricular ejection fraction. She responded 
clinically to digoxin and furosemide, which were later 
discontinued without subsequent recurrence of symptoms. 
No repeat RVG was obtained. A 61-year-old man exhib- 
iting NHL and a history of hypertension developed recur- 
rent supraventricular tachycardia during an episode of fe- 
brile sepsis. His arrythmia was controlled with electrical 
cardioversion and verapamil. An echocardiogram showed 
that his left ventricular function had net changed from the 
normal pretreatment value. In five of six patients receiving 
doses of 7 and 8 g/m2 (including the two described above), 
baseline and follow-up evaluations of the left ventricular 
function revealed no change after cyclophosphamide treat- 
ment. 

Response 

Of 21 evaluable patients, 9 showed a complete (3) or 
partial response (6) to continuous-infusion cyclo- 
phosphamide despite documented progression of cancer 

during the most recent chemotherapy; 8 of these 9 had 
exhibited progressive disease during previous oxazaphos- 
phorine therapy (8, cyclophosphamide; 1, ifosfamide). 
Three of four evaluable patients presenting with NHL re- 
sponded, two of them completely. Three responders went 
off protocol onto other therapies (autologous bone marrow 
transplant, irradiation, and salvage chemotherapy). 

Patient 15 exhibited disease progression during cyclo- 
phosphamide treatment and declined further therapy. An 
autopsy on patient 18, who died of sepsis, revealed a small, 
residual focus of lymphoma in the hilum. All other sites of 
preexisting generalized lymphadenopathy and massive 
abdominal and retroperitoneal adenopathy contained no 
lymphoma. 

Three of five patients presenting with breast cancer 
showed brief (1-3 months) partial responses. One of two 
subjects presenting with small-cell lung cancer achieved a 
pathologic complete response of endobronchial disease 
following two cycles of continuous-infusion cyclo- 
phosphamide after having exhibited disease progression 
during standard-dose cyclophosphamide, doxorubicin, and 
vincristine. He subsequently received chest irradiation and 
was clinically free of tumor on his death (no autopsy was 
performed) 2 years later of a myocardial infarction. Two of 
seven patients displaying other tumor histologies showed 
brief partial responses. 

Discussion 

Intensification of the dose of many antineoplastic agents 
produces enhanced tumor cytotoxicity [10]. For alkylating 
agents such as cyclophosphamide, this dose-response ef- 
fect is often logqinear. In high-dose combination chemo- 
therapy (>60 mg/kg or 1.875 g/m2), cyclophosphamide- 
containing regimens produce a high response rate in either 
previously treated or untreated patients [9, 16]. Single- 
agent studies of high-dose cyclophosphamide provide evi- 
dence of a high response rate in previously untreated 
patients (reviewed in [8]) and in subjects exhibiting re- 
fractory lymphomas (78% in 14 patients) [7] but little evi- 
dence of response in refractory solid tumors, even when 
prior therapy involved single-agent alkylating agents [17]. 

The effect of schedule on the therapeutic efficacy of 
alkylating agents, including cyclophosphamide, is much 
less clear [22]. The rationale for multiple doses of high- 
dose cyclophosphamide evolved from animal and human 
experience with the cardiotoxic effects of the drug [21]. 
Cyclophosphamide induces its own metabolism, increas- 
ing the peak level and area under the curve (AUC) and 
decreasing the plasma half-life, but the levels of active 
species do not necessarily change, although this finding is 
disputed [18, 24]. Several preclinical models show an en- 
hanced therapeutic effect for intermittent administration of 
cyclophosphamide [14, 22, 23]. The finding of different 
results in different species could be due to many factors, 
the foremost of which involves differences in the pharma- 
cokinetics between species [2]. Thus, this topic (schedule- 
dependent efficacy) is extremely difficult to evaluate. 

In this study of continuous-infusion cyclophosphamide, 
the MTD was 7 g/m 2. Grade 4 myelosuppression was the 
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dose-limiting toxicity. The duration o f  14 days was arbi- 
trary but was set to enable us to evaluate nonmyelosuppres-  
sive toxicities, since the intention was to incorporate con- 
t inuous-infnsion cyclophosphamide into a preparative drug 
combinat ion for autologous bone marrow transplantation 
along with other drugs given by continuous infusion in an 
effort to lessen toxicity through individual drug dosing on 
the basis o f  pharmacokinetic parameters. Regrettably, 
these pharmacology studies were not functional at the time 
of  this trial. The M T D was identical to that previously 
found using pulse therapy [20]. 

In the present study, myelosuppression was severe but 
reversible. At  the MTD (240 mg/kg over 4 days), bone 
marrow reinfusion did not shorten myelosuppression,  con- 
sistent with the bone-marrow progenitor cell-sparing effect 
seen in vitro with 4HC-purged  human bone marrow [6]. 
Nevertheless, the high incidence o f  sepsis remains the 
major cause of  morbidity and mortality, and the ameliora- 
tion o f  myelosuppression with human hematopoietic cy- 
tokines should be considered in future trials o f  high-dose 
cyclophosphamide.  

The major nonmyelosuppressive toxicity was hema- 
turia. Cystitis was reversible and required no specific ther- 
apy. The introduction of  mesna at doses of  >6 g/m 2 may 
have prevented more severe complications, al though this 
cannot be stated conclusively.  Myocardial  toxicity due to 
high-dose cyclophosphamide has been well described [15, 
19]. Primate studies show that schedule is an important 
factor in cardiac toxicity, since divided doses were less 
cardiotoxic than the same total bolus dose [21]. In one of  
six patients evaluated in the present study, a decrease in 
the left ventricular ejection fraction was measured at 
3 - 4  weeks after cyclophosphamide therapy. Further dose 
escalation will be required to establish whether continuous 
infusion is a less cardiotoxic schedule of  cyclo- 
phosphamide administration. 

Responses were seen in 43% of  patients. Eight of  nine 
responders had previously demonstrated tumor growth 
while receiving oxazaphosphorines (cyclophosphamide or 
ifosfamide). Responses were more c o m m o n  in sensitive 
malignancies - lymphoma,  breast cancer, small-cell lung 
cancer (7/11) - than in less predictably responsive cancers 
(2/11). Because of  the preponderance of  sensitive malig- 
nancies at cyclophosphamide doses of  >6 g/m2, no conclu- 
sions regarding a dose-response effect could be drawn. 
Nevertheless, the high degree o f  activity in refractory 
patients implies that dose intensification can produce re- 
sponses in resistant tumors, as has previously been noted in 
murine malignancies [12]. 

The role o f  a continuous-infusion schedule o f  cyclo-  
phosphamide administration in anti-neoplastic efficacy 
will require a comparat ive study against bolus administra- 
tion. There are few settings in which single-agent cyclo-  
phosphamide would be deemed appropriate therapy in a 
patient population in which responses are expected. Con- 
tinuous-infusion cyclophosphamide can be safely and 
successfully combined with other agents at high doses [9]. 
To evaluate best the effect of  schedule while using the 
advantage o f  an increased dose, a combinat ion of  cyclo- 
phosphamide and other effective drugs given in association 
with a hematopoiet ic  cytokine to ameliorate the attendant 

myelosuppression [1] could be tested in a responsive 
malignancy. 

Acknowledgements. We wish to acknowledge the outstanding efforts of 
the house staff of the Beth Israel Hospital and the Brigham and Women's 
Hospital, the nursing staff of I2W at the Dana Farber Cancer Institute 
and 4 South at the Beth Israel Hospital, and the excellent secretarial help 
of Ms. M. B. Curtin as well as the data management of Ms. S. Lyness. 

References 

1. Antman KH, Griffin JD, Elias A, Socinski MA, Ryan LA, Cannistra 
SA, Oette D, Whitley M, Frei E, Schnipper LE (1988) The effect of 
recombinant human granulocyte-macrophage colony stimulating 
factor (rhGM-CSF) on chemotherapy induced myelosuppression. 
N Engl J Med 319:593-598 

2. Brock N (1983) The oxazaphosphorines. Cancer Treat Rev 10 
[Suppl A]: 1-22 

3. Brock N (1989) Oxazaphosphorine cytostatics: past-present-future. 
Cancer Res 49:1-7 

4. Brooke D, Bequette RJ, David RE (1973) Chemical stability of 
cyclophosphamide ir~ parenteral solutions. Am J Hosp Pharm 30: 
134-137 

5. Bruce WR, Meeker BE, Valeriate FA (1966) Comparison of the 
sensitivity of normal hematopoietic and transplanted lymphoma col- 
ony-forming cells to chemotherapeutic agents administered in vivo. 
J Natl Cancer Inst 37:233 245 

6. Buckner CD, Rudolph RH, Fefer A, Clift RA, Epstein RB, Find DD, 
Neiman PE, Slichter SJ, Storb R, Thomas ED (t972) High dose 
cyclophosphamide therapy for malignant disease. Cancer 29: 
357- 365 

7. Collins C, Mortimer J, Livingstone RB (1989) High dose cyclo- 
phosphamide in the therapy of refractory lymphomas and solid tumor 
malignancies. Cancer 63: 228-232 

8. Cornbleet MA, Leonard RCF, Smyth JF (1984) High dose alkylating 
agent therapy: a review of clinical experiences. Cancer Drug Del 1: 
227-238 

9. Eder JP, Elias AD, Shea TC, Schryber SM, Teicher BA, Hung M, 
Burke J, Siegel R, Schnipper LE, Frei E III, Antman KH (1990) 
A phase I/'iI study of cyclophosphamide, thiotepa mad carboplatin 
with autologous bone marrow transplantation in solid tumor patients. 
J Clin Oncol 8: 1239-1245 
Frei E, Canellos GP (1980) Dose a critical factor in cancer chemo- 
therapy. Am J Med 69:585 -593 
Gottdiener JS, Appelbaum FR, Ferrans VJ, Deisseroth A, Ziegler J 
(1981) Cardiotoxicity associated with high dose cyclophosphamide 
therapy. Arch Intern Med 14l: 758-763 
Griswald DP, Trader MW, Frei E III, Peters WP, Walpert MK, 
Laster WR (1987) Response of drug-sensitive and -resistant L 1210 
Ieukemias to high dose chemotherapy. Cancer Res 47(9): 
2323-2327 
Johnson WW, Meadows DC (1971) Urinary-bladder fibrosis and 
telangiectasia associated with long term cyclophosphamide therapy. 
N Engl J Med 284: 290- 294 
Klein HO, Wickramanayake PD, Christian E, Coerper C (1984) 
Therapeutic effects of single-push or fractionated injections or con- 
tinuous infusion of oxazaphosphorines (cyclophosphamide, ifos- 
famide, Asta Z 7557). Cancer 54:1193- 1203 
Mills BA, Roberts RW (1979) Cyclophosphamide-induced cardio- 
myopathy. Cancer 43:2223 - 2226 
Peters WP, Shpall E J, Jones RB, Olsen GA, Bast RC, Gockerman JP, 
Moore JO (1988) High dose combination alkylating agents with bone 
marrow support as initial treatment for metastatic breast cancer. 
J Clin Oncol 6: 1368-1376 
Piver MS, Barlow JJ, Chung WS (1975) High dose cyclo- 
phosphamide (NSC-26 271) for recurrent of progressive ovarian ad- 
enocarcinoma. Cancer Chemother Rep 59:1157 - 1159 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 



65 

18. Sladek NE, Doeden D, Powers JF, Krivitt W (1984) Plasma concen- 
trations of 4-hydroxycyclophosphamide and phosphoramide mustard 
in patients repeatedly given high doses of cyclophosphamide in 
preparation for bone marrow transplantation. Cancer Treat Rep 68: 
1247-1254 

19. Slavin RE, Millan JC, Mullins GM (1975) Pathology of high dose 
intermittent cyclophosphamide therapy. Hum Pathol 6:693-709 

20. Smith IE, Evans BD, Harland SJ (1983) High dose cyclo- 
phosphamide (7 g/m 2) wifll or without autologous bone marrow res- 
cue after conventional chemotherapy in the treatment of patients with 
small cell lung cancer. Cancer Treat Rev 10 [ Suppl A]: 79-  81 

21. Storb R, Buckner CD, Dillingham LA, Thomas ED (1970) Cyclo- 
phosphamide regimens in rhesus monkeys with and without marrow 
infusion. Cancer Res 30:2195- 2203 

22. Teicher BA, Holden SA, Eder JP, Brann TW, Jones SM, Frei E III 
(1989) Influence of schedule on alkylating agent cytotoxicity in vitro 
and in vivo. Cancer Res 49:5994-5998 

23. Voelker G, Wagner T, Wientzek C, Hohorst H-J (1984) Pharma- 
cokinetics of "activated" cyclophosphamide and therapeutic effica- 
cies. Cancer 54:1179-1186 

24. Wagner T, Ehninger G (1987) Self-induction of cyclophosphamide 
and ifosfamide metabolism by repeated high-dose treatment. Contr 
Onco126:69-75 


