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Chapter 6 

Abstract 

Purpose To determine the feasibility and safety of multiple, closely timed courses of high-

dose cyclophosphamide, thiotepa, and carboplatin (CTC) with peripheral-blood 

progenitor-cell transplantation (PBPCT). 

Patients and Methods 
Forty-eight patients with advanced cancer were scheduled to undergo either two or 

three courses of CTC with PBPCT. All PBPCs were harvested before high-dose therapy 

began. Full-dose CTC courses incorporated cyclophosphamide (6,000 mg/m2), thiotepa 

(480 mg/m2) and carboplatin (1600 mg/m2) divided over days -6, -5, -4 and -3. Tiny 

CTC courses (tCTC) contained 67% of the doses of each of these agents. Second or 

third courses of CTC or tCTC began on day 28. 

Results A sufficient number of PBPCs could be harvested from all but two patients. Thirty-

five first full-dose courses of CTC were given, 28 second courses and 10 third courses. 

Second courses could be given on time and at full dose in 80% of the patients, but 

there was one toxic death from veno-occlusive disease (V.O.D.). Only four of 12 

patients scheduled to receive three courses of full-dose CTC could be treated at the 

time and dose planned. There were three toxic deaths: one of V.O.D., one of 

sepsis, and one of hemolytic uremic syndrome. Eight patients were scheduled to 

receive three courses of tCTC. Eight first, seven second and six third courses were 

given. One of the third courses had to be delayed, and one had to be reduced in 

dose. 

Conclusion A sufficient number of PBPCs for two or three transplantations can be harvested 

from most patients without much difficulty before high-dose therapy. Two full-

dose CTC courses or three tCTC courses can be given safely and with acceptable 

toxicity at 5-week intervals. Organ toxicity rather than bone marrow toxicity has 

become dose-limiting for alkylating agents. 
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Multiple courses of high-dose chemotherapy 

Introduction 
High-dose chemotherapy with autologous bone marrow support is increasingly used in solid 

tumors as a potentially curative treatment strategy for advanced disease. Although results of 

randomized studies are lacking, many investigators believe that this treatment modality may be 

beneficial in a number of rare conditions, such as relapsing germ cell cancer or neuroblastoma. 

It is in breast cancer that high-dose therapy has been used most frequently, but this practice is 

the subject of considerable controversy.12 Based on retrospective analyses of bone marrow 

transplant registries, it has been suggested that high-dose therapy may be beneficial in a small 

subgroup of advanced breast cancer patients: those who have achieved a complete remission 

(or a very good partial remission) with standard-dose chemotherapy. Of these, approximately 

one fourth will survive more than 3 years without relapse after transplantation.3'5 

It is not entirely clear whether comparable long-term survival rates could be achieved with 

conventional therapy in similarly highly selected patients. Even if high-dose therapy would 

eventually be shown to be more effective than standard-dose therapy in this situation, its efficacy 

is far from satisfactory: If one assumes that 20% of patients with advanced disease can achieve 

a complete remission with standard therapy, and 25% of these can be effectively consolidated 

with high-dose therapy, then only 5% of patients would experience long-term survival. One 

strategy to improve on these figures is to increase further the dose of chemotherapy delivered. 

The advent of peripheral-blood progenitor-cell transplantation (PBPCT) has allowed much faster 

recovery from bone marrow depression than after bone marrow transplantation, and multiple 

transplants are now under investigation in a number of centers. 

Multiple transplantation procedures may lead to cumulative dosages of cytotoxic agents that 

are much higher than in previous experience, and novel patterns of toxicity are likely to emerge. 

Most of the agents used in high-dose therapy are associated with specific forms of extramedullary 

toxicity, which may include potentially lethal organ toxicities such as interstitial pneumonitis or 

veno-occlusive disease of the liver.7 To prevent these serious toxicities, investigators have either 

substantially lowered the dose of the high-dose therapy courses (to nonmyeloablative levels) or 

have used alternating therapy in which each of two to three high-dose courses incorporates 

different agents. Two or more truly high-dose courses have only rarely been given in a closely 

timed fashion. 

We have previously reported the development of a high-dose chemotherapy regimen that 

incorporates cyclophosphamide, thiotepa and carboplatin, CTC.8 This regimen resembles the 

Solid Tumor Autologous Marrow Program (STAMP V) regimen developed by the Boston group,9 

but it is administered by short-term infusions over 4 days, rather than by continuous infusion, 

and it contains a double dose of carboplatin. The CTC regimen is safe and free from serious 
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organ toxicity, and it is currently employed in a large randomized study of adjuvant high-dose 

therapy in high-risk breast cancer.10 We have recently published our experience in five patients 

who received double courses of CTC as part of the salvage treatment of germ cell cancer.11 

Encouraged by these results, we have greatly extended our experience with double courses of 

CTC and we have investigated triple courses at two different dose levels. This report summarizes 

our single-institution experience with multiple CTC courses and includes all patients ever 

scheduled to receive double or triple courses of CTC in the Netherlands Cancer Institute before 

September 1995. 

Patients and methods 
Patients 

All patients had histologically verified malignant disease that could not be cured by local 

treatment modalities such as surgery or radiation therapy. All except three participated in clinical 

studies that had been approved by both the Institutional Review Committee and by the Medical 

Ethics Committee of the Netherlands Cancer Institute. The three other patients underwent double 

transplants because of peripheral neuroectodermal tumors (n=2) or as third-line therapy for 

refractory choriocarcinoma (n=1). Written informed consent was obtained from all patients 

according to institutional guidelines. 

All protocols required adequate bone marrow function (WBC count > 4.0 x 109/l, platelet 

count >100 x I07I), normal liver function tests (bilirubin < 20 u.mol/1, ALT and AST levels < 1.5 

times the upper limit of normal), negative human immunodeficiency virus test and negative test 

for hepatitis B antigens, negative tests for antiplatelet antibodies, and age less than 55 years. In 

germ cell cancer patients, renal function was considered to be acceptable when the creatinine 

clearance was greater than 50 ml/min, but 80 ml/min was required for all other patients. Also in 

germ cell cancer, a World Health Organization (WHO) performance status of 2 or 3 was accepted, 

while it had to be 0 or 1 in all other patients. Breast cancer patients had to have estrogen 

receptor negative disease or had to have failed first-line hormonal treatment. In most patients, 

high-dose chemotherapy with CTC was used as consolidation therapy immediately following 

standard-dose remission-induction therapy. Germ cell cancer patients scheduled to undergo 

double transplants received a mobilization course of ifosfamide, etoposide, and granulocyte 

colony stimulating factor (G-CSF) (see later) followed by a single course of carboplatin (800 mg/m2) 

and etoposide (1500 mg/m2).12 The other patients scheduled for double CTC were mobilized 

with ifosfamide, etoposide, and G-CSF immediately before their first transplantation procedure. 

Patients scheduled to receive three courses of CTC received a mobilization course of either 
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ifosfamide, etoposide, and G-CSF (in case of germ cell cancer, ovarian cancer or rhabdomyo

sarcoma) or of fluorouracil, epirubicin, and cyclophosphamide with G-CSF (see later, in case of 

breast cancer). 

PBPC mobilization 

One of two mobilization chemotherapy regimens was used, depending on the type of cancer 

to be treated. For all tumors except breast cancer, ifosfamide (4 g /m 2 on day 1) and etoposide 

(100 mg/m 2 on days 1, 2 and 3) were used. G-CSF (filgrastim) was started on day 4 in a dose of 

10 (j,g/kg/day until leukocytaphereses were completed. The mobilizing properties of this regimen 

have been published elsewhere 13. For breast cancer, a regimen was used that consisted of 

fluorouracil (500 mg/m2), epirubicin (120 mg/m2) and cyclophosphamide (500 mg/m2), all given 

by i.v. push on day 1,14 Filgrastim was started on day 2. 

PBPC harvest 

Irrespective of the mobilization regimen used, leukocytaphereses began when the WBC count 

was greater than 3 .0x10 9 / l and the CD34+ cell count in the peripheral blood was > 0.5%. To 

facilitate apheresis, all patients had 13.5-F double-lumen Hickman catheters. A continuous-flow 

blood-cell separator was used (Fenwal CS 3000; Baxter, Utrecht, The Netherlands). Both the 

number of CD34+ cells and the number of granulocyte-macrophage colony-forming units (GM-

CFU) were determined in the cell collections. All methods used in the stem-cell harvests have 

been described previously.15 

Table 1: Distribution of CD34+ cells harvested over three transplants 

CD34+ cells harvested action 

< 3.0 x 106/kg Patient must be taken off study. 

> 3.0 x 106/kg Bone marrow harvest before first transplant. Divide harvested cells into 3 equal 
< 5.0 x 105/kg portions, 1 for each transplant. Reinfuse bone marrow together with stem cells 

after third course. 

> 5.0 x 106/kg Reserve 3.0 x 106 CD34+ cells for third transplant. Divide remainder of cells 
< 9.0 x 106/kg into equal halves for first and second transplant, respectively. 

>9.0 x 106/kg Reserve 3.0 x106CD34+ cells for each of the transplants and add the remaining 
< 11.0 x 106/kg cells to the reinfusion after the third course. 

> 11.0 x 106/kg Reserve 5 x 106/kg for third course, divide remaining cells into two equal 
< 15.0 x 106/kg halves for first and second transplant. 

> 15.0 x 106/kg Divide into three equal portions for each transplant. 
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Based on earlier findings,15 we considered a graft size of 3.0 x 106 CD34+ cells/kg body 

weight sufficient for sustained bone marrow recovery, and 1.0 x 106 CD34+ cells/kg body weight 

sufficient for rapid (but possibly transient) granulocyte recovery after high-dose therapy. Using 

these criteria, a simple algorithm could be used to determine the distribution of the available 

CD34+ cells over the transplants. The case for three planned transplants is shown in Table 1. 

High-dose chemotherapy: CTC 
The high-dose chemotherapy regimen CTC was administered as published previously,8 but 

with two major modifications: (1) the period between the last infusion and the transplantation 

was reduced by 1 day, and (2) the carboplatin-dose was corrected for renal function using a 

modified Calvert formula.16 We have previously shown that such a modified formula adequately 

predicts the carboplatin area under the curve (AUC) in this patient group.17 

Briefly, carboplatin was administered intravenously as daily 2-hour infusions on days -6, -5, -

4, and -3. The total dose of carboplatin was 1600 mg/m2 in patients with normal renal function, 

but in those with creatinine clearances <110 ml/min, it was determined by the following formula: 

dose (mg) = 20 x (Creatinine Clearance + 25). Cyclophosphamide (total dose, 6,000 mg/m2) 

was divided over four daily 1-hour infusions and thiotepa (total dose, 480 mg/m2) was divided 

over eight twice-daily 1-hour infusions. Both agents were given on days -6, -5, -4 and -3. Mesna 

(total dose, 18,000 mg) was given six times daily for a total of 36 doses, beginning 1 hour 

before the first cyclophosphamide infusion. All infusions were administered through double-

lumen Hickman catheters inserted in a subclavian vein. PBPCs were reinfused on day 0. 

Antiemetics were used both prophylactically and as needed, and usually included 

dexamethasone, and ondansetron or granisetron. All patients received prophylactic antibiotics, 

including ciprofloxacin and amphotericin orally as selective bowel decontamination. Penicillin G 

(1 million units, four times daily) and amphotericin B (0.25 mg/kg/d) were given prophylactically 

from day 0 and were discontinued when the neutrophil count was greater than 0.5 x 109 cells/L 

Patients who tested positive for anti-Herpes simplex antibodies received aciclovir prophylactically, 

in an oral dose of 400 mg twice daily. Irradiated platelet transfusions were administered to 

maintain platelet counts >10 x 109/L, and leukocyte-free irradiated red blood cells were given to 

maintain hemoglobin levels > 5.5 mmol/L. Patients were nursed in private rooms between day 

0 and the end of absolute neutropenia, but no other reverse-isolation measures were employed. 

G-CSF (filgrastim, received as a gift from Amgen-Roche, Breda, The Netherlands) was 

administered as a daily subcutaneous injection of 300 jig, regardless of body weight, from day 

1 until the WBC count was greater than 5.0 x 109/L 
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Modified high-dose regimen: tiny CTC 
Eight patients were scheduled to receive three consecutive transplantations at a lower dose 

level. The tiny CTC (tCTC) regimen was identical to the standard CTC regimen, except that each 

of the cytotoxic drugs was given at a 33% lower dose. As a result, the cumulative dose of three 

tCTC courses equalled the cumulative dose of two CTC courses. The carboplatin dose was 1100 

mg/m2, or was determined according to the formula dose (mg) = 13.3 x (Creatinine Clearance 

+ 25), in patients with impaired renal function. The total doses of cyclophosphamide and thiotepa 

were 4,000 mg/m2 and 320 mg/m2, respectively. The supportive care was identical with that 

given for full-dose CTC courses. 

Recovery before repeat high-dose chemotherapy courses 
Second and third courses of CTC or tCTC were scheduled to begin on day 28 after the previous 

transplantation, leading to an interval between first days of CTC or tCTC of five weeks. 

The following requirements had to be fulfilled before a second or third course was administered: 

complete resolution of any infections and normal body temperature ( consistently < 37 °C) for at 

least 5 days; WBC count > 2.0 x 109/l, granulocytes > 1.0 x 109/l for at least 1 week; creatinine 

clearance > 40 ml/min and renal function loss due to previous course not exceeding 20% of the 

base-line estimate.; bilirubin within normal limits, and alkaline phosphatase, ALAT, and ASAT 

less than two times the upper limit of normal; no severe symptomatic neuropathy or symptomatic 

hearing loss that could be ascribed to the previous CTC course; if one of these symptoms was 

present to a moderate degree, the carboplatin dose in the next CTC course had to be reduced 

by 25% (targeted AUC); and no significant hemorrhagic cystitis with (intermittent or continuous) 

macroscopic hematuria. 

Dose adaptations in repeat high-dose chemotherapy courses 
Subsequent courses of CTC or tCTC were, whenever possible, given in the same dose as the 

previous ones. The following dose reduction rules applied. In case of renal function loss of over 

20% of the baseline creatinine clearance, the carboplatin dose in the next CTC or tCTC course 

was reduced to 50% (targeted AUC). The remaining creatinine clearance had to be greater than 

40 ml/min; otherwise, the patient had tot be taken off study. In case of incapacitating neuropathy 

(grade 3) or significant hearing loss (difficulty to conduct a one-on-one conversation), the 

carboplatin dose in the next CTC or tCTC course was reduced to 75% (targeted AUC). If grade 

IV mucositis had occurred in any CTC or tCTC course, the dose of all three agents was reduced 

by 25% in the next course (for carboplatin: 25% reduction in targeted AUC). If grade 4 diarrhea 

had occurred in combination with severe cramping abdominal pain that required the 

administration of morphine (after failure of loperamide and spasmolytics), the dose of 
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cyclohosphamide and thiotepa had to be reduced by 50% in the next CTC or tCTC course 

(targeted AUC for carboplatin). In case of unexpected or unexpectedly severe toxicity, the 

managing physicians were free to apply dose reductions that they thought were in the best 

interest of the patient. 

Results 
A total of 48 patients were included in studies that entailed either 2 or 3 consecutive courses 

of CTC (Table 2). Five of these patients never received high-dose therapy. Two patients who had 

been referred for salvage treatment of unresectable partial remissions of germ cell cancer,showed 

gradual marker normalizations and had surgery instead of chemotherapy. Both are currently 

alive and disease-free without further treatment. One patient with germ cell cancer and one 

with advanced breast cancer failed to mobilize CD34+ cells and were taken of study. One patient 

with advanced breast cancer had progression during standard-dose chemotherapy and was 

taken off study. The latter three patients died of their diseases. 

Table 2: Diagnoses of 43 patients scheduled to receive either 2 or 3 subsequent courses of high-dose 
therapy with peripheral blood progenitor cell transplantation 

Number of procedures planned 
2 3 

germ cell cancer 19 8 
breast cancer 15 
ovarian cancer 2 
choriocarcinoma 1 
PN ET1 2 
rhabdomyosarcoma 1 
Total 22 26 

' ) PNET, Peripheral Neuro-Ectodermal Tumor 

PBPC mobilization and harvests 
In all but two patients, a sufficient number of CD34+ cells could be harvested for two or three 

courses of high-dose therapy. As described earlier, the minimum requirement was 1.0 x 106 

CD34+ cells/kg for each high-dose therapy course plus 2.0 x 106 CD34+ cells/kg for the last high-

dose course. As can be seen in Table 3, the numbers harvested were variable between patients. 

However, in general, breast cancer patients who received the FE12QC mobilization regimen required 

less leukocytapheresis sessions, while the heavily pretreated patients with relapsing germ cell 
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Table 3: Progenitor cell harvests in 47 patients scheduled to receive multiple high-dose chemotherapy 
courses 

Mobilization regimen 
Ifosfamide/Etoposide FE C 

(N=33) (N=141) 

second mobilization 13 
procedure required2 

number of leukocyte- 4.5 (1-10)3 

apheresis sessions 
3.3 (1-7) 

MNC harvested 1009(446-3054) 732(385-14551 
(x10-6/kg) ; 

CD34+cells harvested 10.5(0.9-21.3) 177(94-506) 
(x 10s/kg) ' ' 

CFU-GM harvested 189 (0-525) 255 (18 5-4171 
(x 107kg) ' 

) one patient did not undergo leukocytapheresis because of failure to mobilize CD34+ cells. 
2) to obtain an 'adequate' graft size (see text) 
3) average (range) 

cancer or other solid tumors required more. 

The chemotherapy regimens employed for mobilization of PBPCs (FE120C for breast cancer, 

and ifosfamide/etoposide for germ cell cancer and other solid tumors) were selected to have 

antitumor activity of their own, in order to avoid tumor progression during the 3 (and sometimes 

6) weeks required to obtain grafts of sufficient sizes. Because of the brief duration of the 

mobi l izat ion phase, no formal response evaluations were possible, but simple tumor 

measurements or serum marker determinations could be done in some patients. Any increase in 

size of a measurable or évaluable tumor, or any increase in concentration of a pertinent serum 

tumor marker, was interpreted as a sign of progression; any decrease in size of a measurable 

tumor or 50% decrease in concentration of a pertinent tumor marker was interpreted as 

regression. Using these simple criteria, only a few patients had clear progression during the 

mobilization phase (Table 4). 

Bone marrow reconstitution after multiple transplantations 
Neutrophil recovery was rapid after first, second and third cycles. As expected, platelet recovery 

usually lagged somewhat behind and depended on the number of CD34+ cells reinfused. Despite 

the fact that the highest numbers of progenitor cells were reinfused after the last course of CTC, 
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Table 4: Anti-tumor effect of chemotherapy regimens employed for progenitor cell mobilization 

FE120C Ifosfamide/Etoposide 

breast germ cell other 
cancer cancer solid tumors 

(N=15) (N=27) (N=6) 

inevaluable 1 7 3 

regression2 9 9 2 

stable 2 6 1 

progression 33 54 0 

1) fluorouracil, epirubicin and cyclophosphamide 
2) see tex t fo r response-definit ions. 
3) T w o of these pat ients had mixed responses; the th i rd pat ient had clear progression. 
4) One patient had clear progression of markers, lung metastases and pain; three patients had 

increase of markers only; one had questionable enlargement of a cervical lymphoma. 

the times to platelet recovery and the transfusion requirements tended to be higher in subsequent 

courses of full-dose CTC (Table 5). This resulted in part from the fact that several cases of 

hemorrhagic cystitis or veno-occlusive disease were observed in second and third courses, which 

were associated with blood loss and rapid consumption of platelets (see later). 

The tCTC courses were not clearly associated wi th increased times to bone marrow 

reconstitution after the second or third courses. 

Organ toxicity of multiple courses of full-dose CTC 
Gastro-intestinal and skin toxicity. A total of 73 full-dose CTC courses were given to 35 

patients: 35 first, 28 second and 10 third courses. All courses led to varying degrees and durations 

of nausea and vomiting, which ranged from mild nausea with occasional vomiting on the days 

of chemotherapy administration to refractory vomiting that required sedation. This toxicity did 

not tend to increase in severity in subsequent courses (data not shown). Diarrhea was common 

and grade 2 or higher occurred in 69%, 85% and 70% of first, second and third courses, 

respectively. Since many third courses were administered with dose reductions (see below), the 

frequency in third courses may be underestimated. Refractory diarrhea with severe abdominal 

cramps requiring continuous infusion of morphine was observed in two first courses (6%) and in 

three second ones(11%). When observed, dose reductions were applied in the following course, 

which may explain its absence in third courses. 

Mucositis was generally absent or mild in first courses, but its severity increased in subsequent 

ones. Grade 3 mucositis was observed in a single first course (3%), while grade 3 or 4 mucositis 

were present in seven second courses (25%) and four third courses (40%). Again, the frequency 
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Table 5: Bone marrow reconstitution and transfusion requirements after multiple courses of CTC 

CTC course number 
ii III 

2 courses of full-dose CTC 
day of neutrophil recovery' 11(9-14)2 11(9-12) 
days to platelet 

transfusion independence3 17(11-24) 17(11-35) 
number of platelet transfusions4 5(2-14) 8 (3-2CT) 
number of blood transfusions5 8(5-10) 10 (4-21+) 

3 courses of full-dose CTC 

day of neutrophil recovery 11(10-13) 10(9-19) 11(9-19) 
days to platelet 

transfusion independence 21(11-28) 25(13-28) 29(13-47+) 
number of platelet transfusions 4(3-9) 6(3-19) 14(3-35) 
number of blood transfusions 6(4-16) 8(4-17) 9(3-26) 

3 courses of tCTC 

day of neutrophil recovery 10(10-11) 10(9-12) 10(10-11) 
days to platelet 

transfusion independence 12(11-15) 15(10-19) 14(9-21) 
number of platelet transfusions 4(2-10) 3-5(2-9) 2.5(2-12) 
number of blood transfusions 6(4-10) 6.5(5-8) 7.5(3-10) 

1) first day after transplantation (= day 0) with at least 500 neutrophils/mm3 

2) median (range) 
3) first day after transplantation on which platelets > 20 x 109/l without platelet transfusions 

5 to 6 donor units per transfusion 
5) units 

4' 

of mucositis in third courses may have been limited by dose reductions. 

Rashes were frequent and occurred in 42 courses (58%). Most were mild (grade 1 or 2), and 

only four courses were associated with grade 3 or 4 rashes (5%). All cleared within 1 to 2 weeks 

and frequently left irregular skin pigmentations behind that were slow to clear. Skin pigmentation 

irregularities also occurred in many patients in the absence of other skin toxicity. Despite high-

dose dexamethasone, one patient developed a generalized rash, fever, hypotension and periorbital 

edema suggestive of severe allergy on the first day of the third CTC course. She had developed 

fever without the other symptoms during the first course of CTC. A similar, although less dramatic 

allergic reaction to a third course was seen in one patient who received a third course of tCTC 

(see later). 

Neurotoxicity and ototoxicity. Symptomatic cisplatin neuropathy was reported by 15 germ 

cell cancer patients before the start of high-dose therapy. In six of these, tingling and numbness 

increased following the first CTC course, while it remained unchanged in the others. Three 
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patients who had never received neurotoxic drugs reported minimal symptoms consistent with 

neuropathy after the first course. In all others, symptoms were absent. Thus, the frequency of 

subjective neurotoxicity was 26% in the first course. After second courses, six patients with 

préexistent neuropathy reported worsening of symptoms, and three previously symptom-free 

patients had mild complaints suggestive of carboplatin neuropathy (32%). Worsening of 

symptoms was reported in three of 10 third courses. 

Mild ototoxicity was common. Eleven of 35 patients who received the first course of CTC 

already had signs of ototoxicity, which usually consisted of tinnitus or mild loss of hearing acuity. 

Seven of these reported worsening of symptoms. Twelve of 24 previously symptom-free patients 

reported tinnitus (6 patients) or tinnitus with some degree of hearing loss (6 patients). In four of 

these, the symptoms were transient. First courses caused little hearing loss as documented by 

audiography (Table 6). Symptoms of ototoxicity were reported in 16 of 28 second courses. Half 

of these consisted of tinnitus only, the other eight also involved some hearing loss. In the 10 

third courses further hearing loss was reported by four patients. Only three of the 10 patients 

remained entirely symptom-free. Despite the clear ototoxicity of CTC, no or only mild disability 

resulted. No hearing aids were required in any of the patients. Audiograms correlated relatively 

Table 6: Cumulative hearing loss caused by subsequent full-dose CTC courses 

one course two courses three courses 
(N=31) (N=14) (N=8) 

1000 Hz 0 (-13 -+10)1 0 (-22 -+13) -4 (-33 -+3) 
4000 Hz -1(-27-+20) -15 (-42-+10) -13 (-50-+2) 
12 kHz -10 (-37-+20) -1 5 (-58 - +12) -15 (-60-+5) 

') median (range). The values represent the difference in auditory threshold (averaged for both ears) 
between measurements taken immediately prior to the first course and 4 weeks after first, second 
or third courses. Negative values indicate hearing loss, positive values indicate improvement. 

poorly with patients' complaints, but consistently showed a trend towards marked hearing loss 

at high frequencies that increased in subsequent courses (Table 6). The pattern and degree of 

hearing loss closely resembled that of standard-dose cisplatin.18 

Cardiopulmonary toxicity. Minor signs of cardiotoxicity occurred in five of 35 first courses 

(14%), including transient fluid retention and dyspnea (n = 2), that responded to furosemide, 

pericardial friction rub (n = 1 ), increase in heart size (n = 1 ), and development of a right bundle 

branch block not previously present. Both patients with fluid retention developed the same 

symptoms in their second course, which was again easily manageable with diuretics. A third 

patient had similar symptoms of mild cyclophosphamide carditis in the second course, leading 
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to a 11 % cardiac toxicity rate. Of 10 third courses, only one was associated with fluid retention 

and dyspnea. This patient had had the same syndrome in his first and second courses, which 

suggests that this type of cardiac toxicity is reversible and not cumulative. 

Eight of 35 first courses, four of 28 second courses and three of 10 third courses were 

complicated by pulmonary symptoms. These included pleural friction rubs, cough and dyspnea, 

parenchymatous densities on chest roentgenograms, and pleural effusions in various 

combinations. Most patients had temperature elevations and differentiation between pulmonary 

infection, drug hypersensitivity reactions, and direct toxicity of CTC was impossible. All pulmonary 

symptoms subsided with antibiotics and symptomatic therapy. 

Pulmonary function tests were performed before each course of CTC and 2 to 3 months after 

the last course in most patients. The tests showed a gradual and apparently cumulative decrease 

in lung volumes and diffusion capacity (data not shown). These changes did not lead to clinical 

symptoms and their long-term reversibility will be the subject of future study. Details of the 

pulmonary function tests will be published elsewhere. 

Liver and renal toxicity. Acute renal toxicity was of little importance. In some patients, a 

mild increase in creatinine was observed, but in only seven of 35 first courses did this lead to a 

greater than 20% decrease in creatinine clearance. The clearance never fell below 50 ml/min. 

Renal function had completely normalized in five of these seven patients before the start of 

course 2. Seven patients had a greater than 20% decrease in creatinine clearance after the 

second CTC course (25%), but this renal function decrease was of little clinical concern and 

completely reversible in five patients. Minor and transient decreases in creatinine clearance 

were observed in three third courses. 

Chronic renal toxicity was absent except in two patients who developed a hemolytic uremic 

syndrome (HUS), 5 and 7 months after their last transplantations, respectively. Both had received 

three full courses of CTC without dose reductions and were in complete remissions. The first 

patient, a 35-year-old man with refractory germ cell cancer, died of acute circulatory arrest 

when undergoing plasmapheresis. At autopsy, extensive atherosclerosis was found but no tumor. 

The second patient, a 48-year old woman with relapsed ovarian cancer, recovered without 

specific therapy. She is currently alive and disease-free with mild hypertension and mild renal 

function impairment (creatinine clearance, 55 ml/min) as the only long-term sequelae. Details of 

the clinical course of these two patients and a review of the literature regarding post

transplantation HUS have been published.19 

Four patients developed hemorrhagic cystitis, all following the second course of CTC (14%). 

One of these had previously undergone radiation therapy with the bladder in the radiation field. 

A second one had previously received eight ifosfamide-based chemotherapy courses for a 
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peripheral neuroectodermal tumor (PNET). The other two had no risk factors. All four required 

bladder irrigation. In three patients, the hemorrhagic cystitis was still active when they died of • 

their tumors (2) or of V.O.D. (1). 

Elevations of liver enzymes were observed in nearly all patients. Almost invariably, ALT elevations 

occurred on or near the day of reinfusion and returned to normal within a few days (Table 7). 

Mild bilirubin elevations commonly followed (Table 7), peaked at 6 to 10 days after transplantation, 

and normalized a few days thereafter. These abnormalities did not worsen in subsequent courses. 

However, VOD occurred in two patients after course 2, and in two further patients after course 3. 

Two patients died, the other two recovered without sequelae. There was no relationship between 

the degree of the (early) ALT or bilirubin elevations and the risk of VOD. 

Table 7: Elevations of ALAT and bilirubin after successive 
CTC courses 

CTC course number 
2 

ALAT1 

bilirubin3 

92 75 53 
(18-263) (15-28202) (16-5332: 

20 22 18 
(11-52) (9-1432) (8-1 ooo2; 

1) median of highest value (range); normal < 25 U/l 
2) highest value from patient with veno-occlusive disease 
3) median of highest value (range); normal < 15 mmol/l 

Other toxicities. One patient with an unresectable partial remission of germ cell cancer, 

who had previously experienced excessive toxicity from standard-dose chemotherapy, developed 

a syndrome that was characterized by malaise, exhaustion, muscle-weakness, nausea and vomiting 

after his first CTC-course. His tumor was in complete remission and further high-dose therapy 

was canceled. He subsequently relapsed and died of disease six months after his last 

chemotherapy. The exhaustion syndrome had not improved by that time. 

Reversible but painful hand-foot syndromes developed in 3 patients following a second course 

of CTC and in one patient after a third course. 

Toxic deaths. Four patients died as a result of the toxicity of high-dose chemotherapy (Table 8). 

One patient, a 30-year-old woman with advanced breast cancer, developed veno-occlusive disease 

and hemorrhagic cystitis after the second CTC course. She died of liver failure on the 23rd day 

after the second transplantation. 
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Table 8: Toxic deaths and major organ toxicity 

Multiple courses of high-dose chemotherapy 

No. of courses toxic deaths major non-lethal toxicity 

CTC-1 35 0 exhaustion syndrome (1) 
CTC-2 28 VOD1 (1) hemorrhagic cystitis (4), VOD (1) 
CTC-3 10 VOD (1) sepsis (1) 

HUS3(1) 
HUS2(1), VOD(1) 

') VOD, veno-occlusive disease 
2) HUS, hemolytic uremic syndrome 
3) The cause of death was circulatory arrest in a patient with severe atherosclerosis (see text) 

A second patient, a 32-year old female with advanced breast cancer developed septicemia 

with Str. faecalis and died of multi-organ failure on the 7th day after her third transplantation. A 

39-year-old woman with advanced breast cancer developed VOD after her third transplantation 

and died of liver failure on the 31st day. 

The fourth patient died of cardiac arrest during plasmapheresis because of a late hemolytic 

uremic syndrome (described earlier). At autopsy, extensive atherosclerosis was found. 

Feasibility of administering closely timed, full-dose CTC courses 
Of 35 second CTC courses planned, only 28 were given. Reasons for cancellation of second 

courses included disappointing anti-tumor efficacy of CTC-1 (five patients) or excess toxicity 

(two patients). The excess toxicity included one exhaustion syndrome (described earlier) and 

one patient with germ cell cancer who experienced severe (although largely transient) ototoxicity. 

Dose reductions in the second course were applied in three patients. The dose of carboplatin 

was decreased 50% in one because of renal function impairment after CTC course 1; it was 

decreased 25% in a second because of ototoxicity. In a third patient, cyclophosphamide and 

thiotepa were decreased by 50% because of severe colitis in the first course. 

Second courses were scheduled to begin on day 28 after the first transplantation. Three 

patients actually started on days 23, 23 and 27, respectively, as they had rapidly recovered from 

the first course and early continuation of therapy appeared to be desirable. Three patients had 

to be delayed for 1 week or more, either because of infections (one patient, herpes zoster and 

sinusitis), impaired renal function (one patient), or because resection of a residual abdominal 

mass before CTC course 2 was performed first (one patient, germ cell cancer). 

In summary, two patients could not receive their second course because of toxicity, three 

patients required dose reductions, and three patients required delays. Since one patient had 

both a dose reduction and a delay, a total of seven patients were not able to receive CTC course 

2 as planned (20%) and only two patients were not considered able to tolerate a second procedure 

at all (6%). 
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Of 28 patients who received a second course of CTC, 12 were planned to receive a third 

course. Two patients were not able to continue; one because of treatment-related death following 

CTC course, the other because of excess toxicity (nonfatal VOD). 

Four of 10 third courses of CTC had to be reduced in dose. One patient did not receive 

cyclophosphamide at all because of hemorrhagic cystitis following course 2. One patient had a 

25% carboplatin dose-reduction because of severe ototoxicity after course 2. A third patient 

received only 50% of cyclophosphamide and thiotepa to avoid repetition of a severe colitis after 

the second course. A fourth patient discontinued CTC course 3 after day 1 because of a violent 

hypersensitivity reaction with hypotension. 

Three third courses had to be delayed for one week or more. The reasons for delay included: 

persistent nausea and vomiting after course 2, herpes zoster infection, and resection of a residual 

abdominal mass. 

In summary, two courses were canceled, four reduced, and three delayed because of toxicity. 

One patient whose third course was delayed also had a dose reduction, so that only four of 12 

courses could be given as planned (33%). Two of four patients who received their third course 

on time and at full dose died of toxicity (one lethal VOD, one HUS, described earlier). 

Multiple courses of tCTC 
Eight patients with advanced, receptor-negative breast cancer were scheduled to receive 

three subsequent courses of tCTC, which contains two thirds of each active drug of a regular 

CTC course. Thus, the total cumulative dose of CTC at the end of treatment is equal to that after 

two full courses of CTC. 

Six patients received all three courses, one received a single course and one received two 

courses. Both patients who did not complete the planned therapy were taken of study because 

of lack of tumor response to tCTC. Both were thought to be able to continue in terms of 

tolerance. One of seven second courses was delayed for one week to have more time for an 

evaluation of the anti-tumor effect. One of six third courses was delayed for one week to allow 

time for recovery from prolonged nausea and anorexia. 

tCTC courses were reasonably well tolerated. Nausea and vomiting were common, but generally 

mild. Loose stools occurred in most patients, but only one had severe refractory diarrhea that 

required a continuous infusion of morphine in all three cycles. Third cycles were associated with 

grade 4 diarrhea in two other patients who had had only grade 2 diarrhea in earlier courses, and 

grade 3 diarrhea was present in the third course of a patient who had no diarrhea at all in earlier 

courses. Some accumulation of bowel toxicity may thus occur. 

Mucositis was absent or mild, and never exceeded grade 2. Three patients developed minor 

rashes that were of no clinical consequence. However, one patient had a strong allergic reaction 
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to tCTC in her third course that included fever, erythema, and facial edema. The high-dose 

chemotherapy course was discontinued early and she recovered uneventfully. 

Neurotoxicity and ototoxicity were absent or subtle. One patient reported mild tingling 

sensations in her feet after the third course. Another patient with préexistent audiographic 

abnormalities showed increased hearing loss at frequencies over 2000 Hz. All six patients who 

completed the three courses denied subjective hearing loss. 

Liver or renal toxicity were not seen, and cardiopulmonary toxicity was absent. In this 

small series of patients, triple tCTC appears to be both feasible and well tolerated. 

Discussion 
We have previously reported that high-dose chemotherapy with the trialkylator regimen CTC 

is safe and reasonable well-tolerated when administered as a single course in conjunction with 

a bone marrow or peripheral blood progenitor cell transplant.10 This is confirmed by the 35 first 

courses described here. Severe irreversible organ toxicity was not observed, and there were no 

treatment-related deaths. Double procedures are also feasible, but VOD or hemorrhagic cystitis 

may be encountered occasionally. One of 28 patients undergoing a second transplant died (of 

liver toxicity), resulting in a treatment-related mortality of 4%. At present, there is no way to 

avoid the occurrence of VOD and it is likely that this type of toxicity may continue to limit the 

repeated administration of very high doses of alkylating agents. Nevertheless, double CTC courses 

could be given safely, at the planned time and at full dose in the large majority of patients (Table 

8). Other investigators have reported the feasibility of double transplantations using related 

regimens.20 Preliminary evidence suggests that double CTC courses may be effective in the 

salvage treatment of relapsing germ cell cancer.11 A prospective phase II study that attempts to 

reproduce these results in a multi-center setting is currently in progress in the Netherlands. 

However, three of 10 patients who received a third course of CTC died of toxicity: one of 

sepsis, one of a late hemolytic uremic syndrome (similar to that described after cyclophosphamide 

and total body irradiation 21) and one of V.O.D.. This severe toxicity occurred despite the fact 

that most third courses were not given at full dose or were delayed to allow additional time for 

recovery. In fact, only four of 12 patients scheduled to receive a third course were treated at the 

planned time and at full dose. Two of these eventually died of toxicity. Although the number of 

patients is small, it is reasonable to conclude that three courses of full-dose CTC are too toxic for 

most patients. The efficacy of triple-CTC to eradicate residual cancer cells cannot be determined 

from this small and heterogeneous series of patients. Only one patient, who had an early relapse 

of ovarian cancer after surgery and standard first-line chemotherapy, is currently alive and disease-

free, 2 years after the completion of therapy. 
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The reason that the triple CTC regimen was not tolerated was clearly not the dose intensity 

(which is usually defined as the amount of chemotherapy delivered per unit time), but must 

have been either the total cumulative dose of the agents or the total treatment time. To investigate 

this further, we entered 8 patients in a part of the study that studied a triple transplantation 

regimen with a lowered chemotherapy dose, called tCTC. Three courses of tCTC deliver precisely 

the same cumulative drug dose as two courses of standard CTC. Six patients completed the 

three cycles of treatment without severe toxicity. The other two patients were taken of study 

because their tumors did not appear to respond sufficiently to the chemotherapy and their 

physicians felt that long-term disease-free survival could not be achieved by continuing high-

dose therapy. In terms of toxicity, both patients would have been able to continue protocol 

treatment as planned. Individual courses of tCTC were clearly better tolerated than full-dose 

CTC. Thus, the excess toxicity of full-dose CTC is caused by the high cumulative doses of the 

three alkylating agents. 

Clearly, bone marrow suppression no longer limits the dose of alkylating agents. The 

hematopoietic reconstitution after first and second courses was very similar. After a full-dose 

third CTC course, both granulocytopenia and thrombocytopenia took a few days longer to 

recover. Since the number of CD34+ cells reinfused after the third course was higher rather than 

lower than after earlier courses, this could result from damage to the bone marrow stroma. 

Delayed bone marrow recovery was not observed after three tCTC courses. 

The mobilizing and harvesting of sufficient peripheral blood progenitor cells presented few 

problems and was successful in all but two patients. The median number of leukocytapheresis 

sessions to harvest a sufficiently large number of cells for three transplantations was three 

(range one to 10), and only 17/48 patients (35%) required a second mobilizing chemotherapy 

course. In none of the patients did a bone marrow transplantation have to be added to the last 

progenitor cell reinfusion to ensure sustained bone marrow recovery. It is possible that selecting 

another mobilizing regimen could lead to even better progenitor cell yields, but the importance 

of using chemotherapy that is appropriate for the tumor type to be treated must be balanced 

against that consideration. 

In tumor types that can be cured by cytotoxic drugs at conventional doses, chemotherapy is 

invariably divided over multiple courses. One rationale for this is derived from Skipper's log-cell 

kill hypothesis.22-23 When the number of tumors cells is large and a course of chemotherapy can 

only kill a fixed proportion of the tumor stem cells, repeated courses of chemotherapy will be 

required. This intuitive concept is supported by laboratory models showing that repeated doses 

of chemotherapy cause more cytotoxicity than single doses, even when the total amount of 

drug administered is the same.24 Clearly, the courses should be timed as closely as tolerable to 
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limit outgrowth of tumor cells in the treatment-free intervals.25 Based on the Goldie-Coltman 

hypothesis,25'27 alternating non-cross-resistant therapy has been advocated and this strategy has 

been applied in several feasibility studies of high-dose therapy. For instance, the Boston group 

has studied a regimen for breast cancer, in which high-dose melphalan is followed by CTC.28 

Gianni et al. reported a randomized single-institution study that successfully employed alternating 

high-dose therapy as part of first-line therapy in poor-prognosis non-Hodgkin's lymphoma.29 

However, in general, alternating non-cross-resistant chemotherapy has not convincingly fulfilled 

its promise in standard-dose regimens as recently reviewed by Goldie himself.30 Modem computer 

models of cell kill by chemotherapy tend to favor repeated courses of the same drug(s) and 

switching to an alternative regimen after a number of cycles.31'32 Considerations of this kind 

provide a rationale for a series of three CTC courses that may follow a series of standard-dosed 

chemotherapy courses. 

At present, the optimal number of high-dose therapy courses is unknown, but treatment 

duration is likely to be as important for cure as dose intensity or peak plasma drug levels.5 In 

addition, the precise shape of the dose-effect curves that relate the duration of clinical remissions 

to the delivered dose of the drug combination33 are unknown for different tumors and for 

different drugs. It is possible that the dose-effect curve for CTC becomes shallow beyond a 

certain dose, and that a full-dose CTC course is not proportionally more effective than a tCTC 

course in a given tumor. In this case, three tCTC courses could eradicate a significantly greater 

proportion of tumor cells than two full-dose CTC courses. Such a mechanism could be of particular 

importance in solid tumors with relatively low growth fractions, such as breast cancer. Macroscopic 

tumors usually contain a large proportion of non-cycling cells that are relatively resistant to 

chemotherapy.34 A first course of high-dose therapy may increase that proportion by recruiting 

cells into the cell cycle,35 rendering the tumor more sensitive to the next course. Used in this way, 

CTC or tCTC could also aid in the induction of the complete remission that appears to be required 

before 'consolidation' by high-dose therapy can lead to prolonged disease-free survival .435 The 

ability of three courses of tCTC to achieve durable remissions in advanced breast cancer and 

other solid tumors remains to be evaluated. 

91 



Chapter 6 

References 
1. Peters WP: High-dose chemotherapy with autologous bone marrow transplantation for the 

treatment of breast cancer: Yes, in DeVita VT Jr, Hellman S, Rodenberg SA (eds): Important 
Advances In Oncology. Lippincott, 1995, pp 215-230 

2. Smith GA, Henderson IC: High-dose chemotherapy with autologous bone marrow transplantation 
(ABMT) for the treatment of breast cancer: the jury is still out, in DeVita VT Jr, Hellmannn S, 
Rosenberg SA (eds.): important Advances In Oncology, Lippincott Company, 1995, pp 201-214 

3. Ayash U: High dose chemotherapy with autologous stem cell support for the treatment of 
metastatic breast cancer. Cancer 74: 532-535, 1994 

4. Ayash LJ, Wheeler C, Fairclough D, Schwartz G, Reich E, Warren D, Schnipper L, Antman K, Frei III 
E, Elias A: Prognostic factors for prolonged progression-free survival with high-dose chemotherapy 
with autologous stgem-cell support for advanced breast cancer. J Clin Oncol 13: 2043-2049, 1995 

5. Livingston RB: Dose intensity and high-dose therapy. Two different concepts. Cancer 74: 1177-
1183, 1994 

6. De Vries EGE, Rodenhuis S, Schouten HC, Hupperets PSGJ, Blijham GH, Bontenbal M, Rodenburg 
CJ, Mulder NH: Phase II srudy of intensive chemotherapy with autologous bone marrow 
transplantation in patients in complete remission of disseminated breast cancer. Proc Am Soc Clin 
Oncol 13:87, 1994(abstr 151) 

7. Van der Wall, Beijnen JH, Rodenhuis S: High-dose chemotherapy regimens for solid tumors. A 
review. Cancer Treatm Rev 21: 105-132, 1995 

8. Rodenhuis S, Baars J, Schornagel JH, Vlasveld LT, Mandjes I, Pinedo HM, Richel DJ: Feasibility and 
toxicity study of a high-dose chemotherapy regimen incorporating carboplatin, cyclophosphamide 
and thiotepa. Ann Oncol 3: 855-860, 1992 

9. Eder JP, Elias A, Shea TC, Schryber SM, Teicher BA, Hunt M, Burke J, Siegel R, Schnipper LE, Frei 
E III, Antman K. A phase l-ll study of cyclophosphamide, thiotepa and carboplatin with autologous 
bone marrow transplantation in solid tumor patients. J Clin Oncol 8: 1239-45, 1990 

10. Van der Wall, Nooijen WJ, Baars JW, Holtkamp MJ, Schornagel JH, Richel DJ, Rutgers EJT, Slaper-
Cortenbach ICM, Van der Schoot EC, Rodenhuis S: High-dose carboplatin, thiotepa and 
cyclophosphamide (CTC) with peripheral blood stem cell support in the adjuvant therapy of high-
risk breast cancer: a practical approach. Brit J Cancer 71 : 857-862, 1995 

11. Rodenhuis S, Van der Wall E, Ten Bokkel Huinink WW, Schornagel JH, Richel DJ and Vlasveld LT: 
Pilot study of a high-dose carboplatin-based salvage strategy for relapsing or refractory germ cell 
cancer. Cancer Invest 13: 355-362, 1995 

12. Rodenhuis S, Vlasveld LTh, Dubbelman R, Roodbergen R, Schornagel J, Richel D, Wanders J, 
Israels SP, Bais E and Ten Bokkel Huinink WW. High-dose carboplatin and etoposide without bone 
marrow support in the salvage treatment of testicular cancer. Ann Oncol 3: 463-468, 1992 

13. Baars JW, Holtkamp MJ, Nooyen WJ, et al. Mobilisation of blood progenitor cells with ifosfamide 
and etoposide(VP-16) in combination with recombinant human G-CSF(Filgrastim) in patients with 
malignant lymphomas or solid tumours. Anticancer Res 16:3089-3095, 1996 

14. Van derWall E, Richel DJ, Kusumanto YH, Rutgers E, Schornagel JH, Schaake-Koning CCE, Peterse 
JL, Rodenhuis S: Feasibility study of FEC-chemotherapy with dose-intensive epirubicin as initial 
treatment in high-risk breast cancer. Ann Oncol 4: 791-792, 1993 

15. Van der Wall E, Richel DJ, Holtkamp MJ, Slaper-Cortenbach ICM, Dalesio O, Nooijen WJ, Schornagel 
JH, Rodenhuis S: Bone marrow reconstitution after high-dose chemotherapy and autologous 
peripheral stem cell transplantation: correlation with graft size. Ann Oncol 5: 795-802, 1994 

16. Calvert AH, Newell DR, Gumbrell LA, O'Reilly S, Burnell M, Boxall FE, Siddik ZH, Judson IR, Gore 
ME, Wiltshaw E: Carboplatin dosage: prospective evaluation of a simple formula based on renal 
function. J Clin Oncol 7: 1748-1756, 1989 

92 



Multiple courses of high-dose chemotherapy 

17. Van Warmerdam DC, Rodenhuis S, Van Tellingen 0, Maes RAA, Beijnen JH: Validation of a limited 
sampling model for carboplatin in a high-dose chemotherapy combination. Cancer Chemother 
Pharmacol 35: 179-181, 1994 

18. Boheim K, Bichler E. Cisplatin-induced ototoxicity: audiometric findings and experimental cochlear 
pathology. Arch Otorhinolaryngol 242: 1-6, 1985 

19. Van der Lelie J, Baars J, Rodenhuis S, Van Dijk M, Thomas LLM, Van Oers MHJ, Van dem Borne 
AEGKr: Hemolytic uremic syndrome after high-dose chemotherapy and stem cell support. Cancer 
1995 (in press) 

20. Lotz JP, Machover D, Malassagne B, Hingh B, Donsimoni R, Gumus Y, Gerota J, Lam Y, Tulliez M, 
Marsiglia M, Mauban S, Izrael V: Phase l-ll study of two consecutive courses of high-dose 
epipodophyllotoxin, ifosfamide and carboplatin with autologous bone marrow transplantation 
for treatment of adult patients with solid tumors. J Clin Oncol 9: 1860-1870, 1991 

21. Rabinowe SM, Soiffer RJ, Tarbell NJ, Neuberg D, Freedman AS, Seifter J, Blake KW, Gribben JG, 
Anderson KC, Takvorian T, Ritz J, Nadler LM: Hemolytic-uremic syndrome following bone marrow 
transplantation in adults for hematologic malignancies. Blood 77: 1837-1844, 1991 

22. Skipper HE, Schabel FM, Wilcox WS: Experimental evaluation of potential anti-cancer agents XII: 
on the criteria and kinetics associated with 'curability' of experimental leukemia. Cancer Chem 
Rep 35: 1, 1994 

23. Skipper HE: Laboratory models: Some historical perspective. Cancer Treatm Rep 70: 3-7, 1986 
24. Teicher BA, Holden SA, Eder JP, Brann TW, Jones SM, Frei III E: Influence of schedule on alkylating 

agent cytotoxicity in vitro and in vivo. Cancer Res 49: 5994-5998, 1989 
25. Norton L, Simon R: Tumor size, sensitivity to therapy and the design of treatment protocols. 

Cancer Treat Rep 61: 1307-1317, 1977 
26. Goldie JH, Coldman AJ: A mathematical model for relating the drug sensitivity of tumours to their 

spontaneous mutation rate. Cancer Treatm Rep 63: 1727-1733, 1979 
27. Goldie JH, Coldman AJ, Gudauskas GA: Rationale for the use of alternating non-cross resistant 

chemotherapy. Cancer Treatm Rep 66: 439-449, 1982 
28. Ayash LJ, Elias A, Wheeler C, Reich E, Schwartz G, Mazanet R, Tepler I, Warren D, Lynch C, Gonin 

R, Schnipper L, Frei III E, Antman K: Double dose-intensive chemotherapy with autologous marrow 
and peripheral-blood progenitor-cell support for metastatic breast cancer: a feasibility study. J Clin 
Oncol 12: 37-44, 1994 

29. Gianni AM, Bregni M, Siena S, Brambilla C, Di Nicola M, Lombardi F, Gandola L, Tarella C, Pileri A, 
Stern A, Valagussa P, Bonadonna G: 5-Year update of the Milan Cancer Institute randomized trial 
of high-dose sewuential (HDS) vs. MACOP-B therapy for diffuse large-cell lymphomas. Proc Am 
Soc Clin Oncol 13: 373, 1994 (abstr 1263) 

30. Goldie JH: Arguments supporting the concept of non-cross-resistant combinations of chemotherapy. 
Cancer Invest 12: 324-328, 1994 

31. Day RS: Treatment sequencing, asymmetry, and uncertainty: protocol strategies for combination 
chemotherapy. Cancer Res 46: 3876-3885, 1986 

32. Norton L, Day R: Potential innovations in scheduling of cancer chemotherapy, in DeVita VT Jr, 
Hellmannn S, Rosenberg SA (eds.): Important Advances In Oncology, Lippincott, Philadelphia, 
1991, pp 57-72 

33. Frei III, E, Antman K, Teicher B, Eder P, Schnipper L: Bone marrow autotransplantation for solid 
tumors - prospects. J Clin Oncol 7: 515-526, 1989 

34. Ragaz J, Goldie J, Coltman A, Simpson-Herren L, Barnett M, Phillips G: Kinetics and biological 
effects of high dose intensity consolidation chemotherapy regimens for solid tumors requiring 
autologous bone marrow - peripheral stem cell support. Rationale for multiple transplants. Proc 
Am Soc Clin Oncol 10: 108, 1991 (abstr 301) 

35. Hill BT: Biochemical and cell kinetic aspects of drug resistance, in Bruchovsky N, Goldie JH (eds.): 
Drug and hormone resistance in neoplasia, vol. 1. CRC, Boca Raton, Florida, pp 21-54 

93 




