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Abstract

Efforts to diminish the overall morbidity and mortality of malignancy
have required a variety of strategies and a balanced national research
agenda. The design of curative regimens against leukemia, lymphomas,
testis cancer, and childhood malignancies is a tribute to the interactions
between laboratory and clinical scientists. Laboratory models illustrated
the importance of dose and the need for combinations to avoid the
emergence of drug resistance in heterogeneous tumors. In addressing the
incurability of common epithelial cancers in adults once disseminated,
again laboratory models suggested that regimens which produced re
sponses in advanced disease might be curative in patients with micro-

metastases. Such proved to be the case in adjuvant therapy for breast
cancer involving lymph nodes and for osteogenic sarcoma. Recent studies
have extended this strategy to less advanced breast cancer and to locally-

advanced colon cancer. Lung cancer has required a different strategy. A
coalition has developed to support the strongest possible public position
against smoking. For the first time lung cancer incidence has leveled off
in white males. Women and minorities continue to be a major target for
smoking cessation programs. While large randomized trials are expensive
(and to some scientists, unexciting), they are our most reliable means of
detecting treatment differences of 10 to 15%. Because lung, breast, and
colon cancer kill almost 250,000 Americans each year, such "small"

differences represent thousands of Americans.
There are also a number of interesting current studies that may impact

in the longer term on the care of patients with cancer. Research of three
different groups of investigators has recently converged. Over the past 3
decades several groups of basic laboratory investigators had been study
ing and cloning hematopoietic growth factors. Large randomized trials
now confirm that myelosuppression after intensive chemotherapy can be
substantially ameliorated, reducing infections and decreasing hospital
days, risks, and costs. Another cohort of clinical pharmacologists and
clinicians were studying bone marrow transplantation, developing com
binations of agents that can be given at high dose to overcome resistance,
albeit with considerable toxicity. Other groups in blood banks and those
interested in the regulation of hematopoiesis recognized that early he
matopoietic progenitor cells circulate in the peripheral blood. Their
number were increased after certain chemotherapy regimens, by growth
factors and most remarkably, with growth factors given after chemother
apy. Patients supported with peripheral blood progenitor cells reengraft
both platelets and granulocytes more rapidly than those given marrow,
in the time frame of recovery after standard doses of chemotherapy (i.e.,
21 days). Thus for the first time the question of the clinical efficacy of
high dose therapy can be addressed at a reasonable cost medically and
fiscally.

Past Achievements

The design of curative regimens against leukemia, lympho
mas, testis cancer, and childhood malignancies is a tribute to
the interactions of laboratory and clinical scientists. Laboratory
models illustrated the importance of dose, and the need for
combinations to avoid the emergence of drug resistance in
heterogeneous tumors (1).
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Critics argued, however, that leukemia, lymphomas, testis,
and childhood cancer are uncommon tumors. While winning
small skirmishes, we are losing the war. In addressing the
problem of common epithelial cancers in adults, again labora
tory models suggested that regimens which produced responses
in advanced disease might be curative in patients with micro-
metastases (2). Such proved to be the case in adjuvant therapy
for breast cancer involving lymph nodes and for osteogenic
sarcoma. Recent studies have extended this strategy to less
advanced breast cancer (3-5) and to locally advanced colon
cancer (6).

Lung cancer has required a different strategy. A coalition has
developed to support the strongest possible public position
against smoking. For the first time lung cancer incidence has
leveled off in white males. Women and minorities continue to
be a major target for smoking cessation programs.

These clinical trials and prevention programs impact consid
erably and immediately on the patterns of medical practice and
health of the American public. While large randomized trials
are expensive (and to some scientists, unexciting), they are our
most reliable means of detecting treatment differences of 10 to
15%. Because lung, breast, and colon cancers kill almost
250,000 Americans each year, such "small" differences com

prise thousands of Americans. Congress looks at the bottom
line, the number of Americans dying of cancer this year, when
evaluating the return on their research appropriations dollars
for the NIH which fund both laboratory and clinical cancer
research. While science appropriately has provided a basis for
a better understanding of disease processes and the source of
many new therapies, the funding of biomedicai research through
the mission-oriented NIH rather than the National Science
Foundation indicates that the research funded by these appro
priations is intended ultimately to improve the public health.

Current Studies

There are a number of current studies that are likely to impact
in the longer term on the care of patients with cancer. Research
of three different groups of investigators in the fields of hema
topoietic stem cells, growth factors, and dose-intensive chemo
therapy has recently converged.

Over the past 3 decades several groups of basic laboratory
investigators had been studying and cloning hematopoietic
growth factors. Large randomized trials now confirm that mye
losuppression after intensive chemotherapy can be substantially
ameliorated, reducing infections and decreasing hospital days,
risks, and costs (7).

Over the same 3 decades another cohort of clinical pharma
cologists and clinicians were studying bone marrow transplan
tation, developing combinations of agents that can be given at
high dose to overcome resistance, albeit with considerable
toxicity.

Other groups in blood banks and those interested in the
regulation of hematopoiesis recognized that early hemato
poietic progenitor cells circulate in the peripheral blood. Their
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number were increased after certain chemotherapy regimens,
by growth factors and, most remarkably, with growth factors
given after chemotherapy (8). Patients supported with periph
eral blood progenitor cells reengraft both platelets and granu-
locytes more rapidly than those given marrow, in the time
frame of recovery after standard doses of chemotherapy (i.e.,
21 days) (9).

Extension of Dose-intensive Therapy with Stem Cell Support
to Solid Tumors. Dose-intensive therapy with hematopoietic
stem cell support (autologous, allogeneic, or syngeneic) is cu
rative in a substantial fraction of selected patients with relapsed
leukemia and non-Hodgkin's lymphoma who could not be cured

with currently available conventional dose therapy. Investiga
tors are now studying whether the same strategy can be ex
tended to more common solid tumors. Metastatic breast cancer
should be an optimal model tumor for initial studies of the role
of high dose therapy in solid tumors based on its virtually
uniform fatality rate despite initial sensitivity at conventional
chemotherapy doses. The median duration of remission in
women under the age of 55 years is about 8 months with a
median survival of 1.5 to 2 years (10). The median survival of
women with metastatic disease has not changed in the 5 decades
for which statistics are available.

In the laboratory, the delivery of the highest possible doses
of chemotherapy is essential to achieving curative therapy.
Theory, experimental, and clinical data suggest that cancer
recurs despite an initial response to chemotherapy because of
resistance to the chemotherapy drugs. In the laboratory, resist
ance to alkylating agents can often be overcome by using a 5-
to 10-fold higher dose. Laboratory models have been recently
reviewed (11). Alkylating agents have been used extensively in
the design of dose-intensive regimens because of their broad
clinical activity and dose-limiting myelosuppression. Marrow
autografting permits further escalation to the level of dose-
limiting nonhematological toxicity which differs substantially
among alkylating agents (pulmonary fibrosis and hepatic tox
icity for BCNU,3 cardiotoxicity for cyclophosphamide, neph-

rotoxicity for cisplatin and stomatitis, and enterocolitis for
melphalan). Thus nonoverlapping toxicity allows their use in
combination at full or nearly full transplant doses.

Alkylating agents were initially thought to have similar mech
anisms of action and cross-resistance. However, in 1978 Scha-

bel ( 12) reported that in in vivo experimental systems, alkylating
agents were for the most part non-cross-resistant. Cyclophos-
phamide-resistant LI210 leukemia, P388 lymphoma, and a
variety of murine solid tumor cell lines retain almost full
sensitivity to BCNU, melphalan, and cisplatin. We have cor
roborated the lack of cross-resistance in solid tumor model
systems and have demonstrated the importance of drug sched
uling and sequencing (13). More recently alkylating agent-
resistant cell lines have been developed from various human
solid tumor types (14). In this human model system lack of
cross-resistance among alkylating agents and the multifactorial
nature of alkylating agent resistance are maintained (15-17).
Others have observed that even low levels of resistance (10-
fold) are difficult to produce (compared to 1000-fold resistance
for some nonalkylating agents) and cross-resistance was not
observed (18). Heterogeneous mechanisms of membrane trans
port, biotransformation, and DNA damage and repair have now
been documented (19-27). In murine leukemia models, Schabel

3The abbreviations used are: BCNU, carmustine; CTCb. cyclophosphamide.
ihioiepa, and carboplatin; CBP. cyclophosphamide. BCNU, and cisplatin; CSF,
colony-stimulating factor: GM. granulocyte-macrophage.

et al. and others have subsequently demonstrated substantial
synergy of alkylating agents with other alkylating agents, anti-
metabolites, or antibiotics (12, 19, 28, 29).

Clinically the importance of dose in breast cancer has been
extensively debated (30-32). A review of the few randomized
trials at doses feasible without growth factor or stem cell
support corroborate the concept of a correlation between dose
and response but are certainly not conclusive (33-41). These
trials are difficult to interpret because the increased doses
planned varied from 10% to 2- to 3-fold over the low dose arms.
Because the serum levels for a given dose of drug commonly
vary 5-fold, the bioavailability (area under the concentration
times time curve) of agents given in these trials must overlap
considerably. In addition the actually delivered dose of agents
active in breast cancer after dose modifications for myelo
suppression (which is not always included in the paper) is often
not significantly different from that delivered on the lower dose
arm. Nevertheless, there were significant differences in about
one-half of the trials and the trends in the remaining trials were

generally in favor of the higher dose arm. Many investigators
recently have studied autotransplants to ensure prompt hema
topoietic marrow recovery after high doses of chemotherapy.
Using growth factors and peripheral blood stem cell support,
the clinical questions of dose and dose rate now can be ad
dressed efficiently for the first time.

The Dana Farber Cancer Institute/Beth Israel Program. In a
series of preclinical and clinical studies, we have developed a
regimen of high dose CTCb with a high response rate in
refractory breast cancer and a low mortality in phase I trials in
failed breast cancer. We initially combined 3 drugs from differ
ent alkylating agent classes, cyclophosphamide, BCNU, and
cisplatin, at high dose with autologous marrow support (42). In
patients with metastatic breast cancer 6 of 16 (38%) had com
plete responses and, overall, 14 of 16 (88%) responded (43).
The subset of patients with no prior chemotherapy for met
astatic disease tended to have higher complete response rates
and longer disease-free survival. The mortality overall (22%)
and at the phase II dose (15%) was of concern.

Clinical and preclinical efforts were next focused on devel
oping an effective but less toxic regimen. Thiotepa is an active
drug in breast cancer. In preclinical studies using cultured
human breast cancer cells or murine mammary cancer growing
in vivo, thiotepa and cyclophosphamide (or an activated form,
4 hydroperoxycyclophosphamide) showed striking synergy or
marked additivity through 4 orders of magnitude of tumor cell
cytotoxicity (44). In further preclinical trials, continuous ex
posure of cyclophosphamide or thiotepa was superior to bolus
administration (45). The first clinical trial combined continuous
infusion of 6 g/m2 cyclophosphamide and escalating doses of

thiotepa (46) with dose-limiting mucositis. The response rate
in advanced, generally refractory breast cancer was 75% (6 of
8).

Cisplatin and carboplatin are active in untreated breast cancer
(47-49). Neurological and renal toxicity preclude significant

dose escalation of cisplatin, however. Carboplatin has little
renal or neurotoxicity and its dose-limiting toxicity at standard
doses, myelosuppression makes it ideal for escalation with
autologous marrow support (50). CTCb proved significantly
less toxic than cyclophosphamide, BCNU, and cisplatin (51).
Two of 27 patients died of multiorgan failure and neurotoxicity,
mucositis, and sepsis in the phase I study (7.4%) at doses above
that chosen for the phase II dose. The enhanced safety and
tolerance of CTCb did not appear to compromise its antineo-
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plastic efficacy. A response rate of 81% in refractory breast
cancer did not differ from that of CBP. Complete responses in
the phase I trial of CBP occurred exclusively in previously
untreated patients and in those with inflammatory breast can
cer. There were no previously untreated patients in the phase I
study of CTCb; of patients with inflammatory breast cancer, 1
of 6 responded completely to CTCb versus 3 of 5 with CBP (51,
52).

The Phase II study was designed to determine the duration
of complete response for patients treated with high dose CTCb
while responding to standard dose therapy. Eligibility criteria
included histologically documented metastatic or unresectable
breast cancer, at least a partial response to standard dose
therapy. Patients received cyclophosphamide (6000 mg/m2),
thiotepa (500 mg/m2), and carboplatin (800 mg/m2), all by

continuous infusion over 4 days. Following recovery from trans
plant-related toxicity, sites of prior bulk disease were radiated
or resected when possible. Twenty-nine patients were registered.
There was 1 toxic death (3%) of hemorrhage. The median
durations of complete and partial responses were 19 and 5
months after transplant, respectively. Of 10 patients who were
transplanted in complete remission, 5 have not progressed with
follow-up of 17 to 31 months after transplant (25 to 43 months
after beginning standard dose therapy). One of four patients
with uptake on bone scan as their only site of residual disease
prior to transplant and one of three who converted from partial
to complete response with transplant has not yet progressed at
27 and 29 months, respectively, after transplant.

In both the phase I and II studies, CTCb has proven to be an
intensification regimen with a low mortality (3%) which
achieves the objective of delivery of significantly increased doses
of agents known to be active at standard doses in breast cancer.
Although the duration of partial response is short, complete
responses appear to be durable.

Other Studies of Autotransplants in Patients with Breast
Cancer Responding to Standard Dose Chemotherapy. Multiple
other regimens have been used at other universities in patients
responding to induction therapy. A total of 59% of these
patients achieved complete responses after standard dose ther
apy followed by high dose therapy with marrow transplant.
Twenty-eight % were in continuous complete response at the
time of data analysis for a recent review (53).

From the experience gained thus far, several regimens de
signed for breast cancer yield both a high complete response
rate and durable remissions in patients responding to standard
dose chemotherapy. While response rates of 30-50% in refrac
tory breast cancer, with complete responses in 10 to 20% of
patients, provides evidence of a dose-response relationship, as
in high dose therapy for leukemia and lymphoma, long-term
disease-free survival of patients treated for refractory disease is
rare (53). Patients with advanced refractory disease are least
likely to benefit from the treatment. Autotransplant early in the
course of the illness, after a good response to standard dose
therapy yields complete response rates of 25 to 80% (overall
58% in a recent review in a total of 258 women), considerably
higher than the 10 to 20% reported with standard dose therapy
(53). With follow-up intervals of 18 to 40 months from the
time of transplant (24-44 months from the beginning of 2 to 4
cycles of induction therapy), these unmaintained responses
appear to be relatively durable (16 to 30% in continuous com
plete response). Mortalities of 3 to 24% have been reported
based on the drugs included in the preparative regimen and the
supportive care regimen.

Based on these data, a number of randomized trials are being
planned or are already under way in stage II with ten or more
positive lymph nodes, stage III, and stage IV breast cancer.
These trials are designed to address the impact of dose or dose
rate, as well as to delineate which patients if any benefit from
high dose therapy and its optimal timing.

Hematopoietic Growth Factors. Colony-stimulating factor
(granuIocyte-CSF or GM-CSF) enhance both the number and
function of mature peripheral blood neutrophils after dose-
intensive therapy. In randomized studies of granulocyte-CSF
and GM-CSF after bone marrow transplant, there were modest

but significantly decreased times to reengraftment with fewer
episodes of bacteremia, organ toxicity, and hospital days (7).
Platelet recovery was inconsistently affected.

Administration of these factors has also been found to in
crease the absolute number of peripheral blood colony-forming
units-GM in the majority of patients studied and to significantly
augment the rebound of peripheral blood colony-forming units-

GM normally seen following cytoreductive chemotherapy (8).
The mechanism which causes augmented numbers of stem cells
to circulate in the peripheral blood is incompletely understood
but probably involves regulation of stem cell trafficking by
adhesion molecules (54). This suggests a strategy of augmen
tation of peripheral blood progenitor cells by cytokines to
facilitate collection of adequate numbers of peripheral blood
progenitor cells for autografting (55).

Peripheral blood progenitor cells with or without marrow
reinfusion have resulted in significantly earlier recovery of
patients after dose-intensive therapy in several studies. In se

quential Dana Farber Cancer Institute studies using the same
chemotherapy regimen for metastatic breast cancer, patients
who received marrow only were compared to patients supported
with peripheral blood progenitor cells only. Fewer RBC and
platelet transfusions were required in the group who received
peripheral blood progenitor cells (9) (Table 1).

Concurrent studies of prophylactic antibiotics, colony-stim
ulating factors, and peripheral blood stem cell support may
substantially decrease the morbidity and the length of admis
sions for these patients, significantly decreasing the cost of this
mode of therapy. Reengraftment with the use of peripheral
blood progenitor cells is often achieved by day 21 after the start
of high dose chemotherapy (day 14 after the reinfusion of stem
cells). Based on the premise that repeated doses of therapy will
be necessary to kill sufficient numbers of cells to cure a reason
able percentage of patients, it is likely that we will see studies
of 3 to 4 sequential high dose therapies in the future (addressing
the question of dose rate). Thus hematopoietins and the use of
peripheral blood progenitor cells will enable investigators to
efficiently ask the questions of the importance of dose and dose
rate for the first time.

Table1No.

of patients
Days from reinfusion

ANC > 500/Ml
Platelets > 20,000/^1

Hospital daysBMÂ°

alone2921

(10-44)*
23(10-81)
38 (26-93)PBPC

alone1214(10-26)

12(8-134)
24(19-34)

" BM, bone marrow; ANC, absolute neutrophil count; PBPC. peripheral blood

progenitor cells.
* Medians in parentheses, range.
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The Future

There are also a number of interesting current studies that
may impact in the longer term on the care of patients with
cancer.

New classes of drugs such as immunotoxins or modulation
of commonly used agents are under study. Lethal molecules
such as ricin or radioactive isotopes can be conjugated to
monoclonal antibodies that deliver the toxin to specific targets.
Such studies are under way in lymphomas with promising initial
results.

Fluorouracil has recently been effectively modulated by leu-
covorin with clinical benefit. Based on similar laboratory
models, modulation of several mechanisms of resistance are
now in clinical trial. Pentoxifylline, a drug used in claudication,
is in clinical trial to increase the oxygÃ©nationof tumors. (Also
a tumor necrosis factor antagonist, pentoxifylline has been
reported to significantly decrease mucositis and other toxicities
associated with marrow transplantation.) Attempts to decrease
glutathione levels or glutathione transferase are based on the
premise that resistance to alkylating agents results from inac-
tivation by glutathione via glutathione transferase in the
cytoplasm.

One of the most exciting areas unfolding is the finding that
common tumors have characteristic genetic changes. The de
velopment of lung cancer, breast cancer, and colon cancer
apparently involves a characteristic sequence of mutations. The
implications of these discoveries will certainly profoundly affect
diagnosis and treatment. It is possible that persons at poten
tially high risk of developing certain tumors can be identified
by the analyses of the structures of selected oncogenes or tumor
suppression genes. Moreover, making certain diagnoses might
become more accurate based on characteristic cytogenetic
changes. The design of future rational therapy might be based,
in part, upon a detailed understanding of the biochemical effects
of these mutations.

Clinical Research Training. How can we be ready to expedi-
tiously translate observations in the laboratory from bench to
bedside? We must continue to train and promote the next
generation of investigators. They must feel that the excitement
of making a significant contribution in medicine compensates
for some of the disadvantages of an academic life.

The Institute of Medicine in a recent report specifically
acknowledged that the large educational debt incurred by recent
graduate physicians, the discrepancy between incomes of clini
cal investigators and colleagues in private practice, increasing
difficulty in funding clinical research from the NIH and other
sources, and particularly difficulties in advancement in the
academic community all discouraged the recruitment of clinical
investigators. The Institute of Medicine report specifically
noted and recommended that the NIH and Food and Drug
Administration further examine why larger numbers of large-
scale clinical trials are now completed in Europe than in the
United States and whether children, women, minorities, and
the elderly may be inappropriately excluded from participation
in clinical trials in the United States. Finally they strongly
recommended outcome assessment as an integral part of clinical
trials.

With the constraints of the federal budget and recognition of
the spiraling costs of medical care, clinical research has become
a particularly vulnerable but inappropriate target for cost cut
ting. Cynics have observed that decreased funding for research
cuts costs twice. (Not only are the research costs saved but also

expenses for any new effective therapy which would have been
developed. This includes not only the cost of the new treatment
but also the costs incurred if the patient should live longer.)
The research community cannot take these analyses seriously.
Halfway technology is expensive; prevention and curative treat
ment are generally cost effective.

In Conclusion. (u)We are making progress on a clinical level.
(b) Basic and clinical research are mutually synergistic. To
achieve the greatest benefit, observations must flow both ways.
(c) We continue to need to recruit well trained clinical investi
gators with in-depth training in science as it pertains to clinical
trials, pharmacology, hematopoiesis, medical economics, and
rigorous training in biostatistics. Never were the opportunities
greater!

References

Frei, E., III. Karon, M., Levin, R. H., et al. The effectiveness of combinations
of antileukemic agents in inducing and maintaining remission in children
with acute leukemia. Blood. 26: 642-656, 1965.
Skipper, H. E. Stepwise progress in the treatment of disseminated cancers.
Cancer (Phila.). 51: 1773-1776. 1983.
Fisher, B., Redmond, C, Dimitroy, N. V., et al. A randomized clinical trial
evaluating sequential methotrexate and fluorouracil in the treatment of
patients with node-negative breast cancer who have estrogen-receptor-nega
tive tumors. N. Engl. J. Med., 320: 473-478, 1989.
Fisher, B., Costantino, J., Redmond. C., et al. A randomized clinical trial
evaluating tamoxifen in the treatment of patients with node-negative breast
cancer who have estrogen-receptor-positive tumors. N. Engl. J. Med., 320:
479-484, 1989.
Ludwig Breast Cancer Study Group. Prolonged disease-free survival after
one course of perioperative adjuvant chemotherapy for node-negative breast
cancer. N. Engl. J. Med.. 320: 491-496, 1989.
Moertel, C. G., Fleming, T. R., MacDonald, J. S., et al. Levamisole and
fluorouracil for adjuvant therapy of resected colon carcinoma. N. Engl. J.
Med., 322: 353-358, 1990.
Nemunaitis, J., Singer, J. W., Buckner, C. D.. et al. Preliminary results of a
randomized trial of rhGM-CSF after autologous bone marrow transplanta
tion (ABMT) in patients with lymphoid malignancy. J. Cell. Biochem., Â¡4A:
331, 1990.
Socinski, M. A., Cannistra, S. A., Elias, A., Antman, K. H., Schnipper, L.,
and Griffin, J. D. Granulocyte-macrophage colony stimulating factor ex
pands the circulating haemopoietic progenitor cell compartment in man.
Lancet, /: 1194-1198. 1988.
Elias, A., Mazanet. R., Wheeler. C., et al. Peripheral blood progenitor cells
(PBPC): two protocols using GM-CSF potentiated progenitor cell collection.
In: K. A. Dicke and J. Armitage (eds.). Autologous Bone Marrow Transplan
tation, Proceedings of the Fifth International Symposium pp. 875-880,
University of Nebraska. Omaha, 1991.
Mick, R., Begg, C. B., Antman, K., Korzun, A. H., and Frei, E., III. Diverse
prognosis in metastatic breast cancer: who should be offered alternative
initial therapies? Breast Cancer Res. Treat., 13: 33-38. 1989.
Frei, E., III. Antman, K.. Teicher, B., Eder. P.. and Schnipper. L. Bone
marrow autotransplantation for solid tumorsâ€”prospects. J. Clin. Oncol., 7:
515-526. 1989.
Schabel. F. Patterns of resistance and therapeutic synergism among alkylating
agents. Fundam. Cancer Chemother., 23: 200-215, 1978.
Teicher. B. A., Holden, S. A.. Jones, S. M.. Eder, J. P., and Herman, T. S.
Influence of scheduling on two-drug combinations of alkylating agents in
vivo. Cancer Chemother. Pharmacol., 25: 161-166, 1989.
Teicher, B. A., Frei, E.. III. Development of alkylating agent-resistant human
tumor cell lines. Cancer Chemother. Pharmacol., 21: 292-298, 1988.
Frei, E., III. Teicher. B. A., Holden, S. A.. Cathcart, K. N. S., and Wang. Y.
Preclinical studies and clinical correlation of the effect of alkylating dose.
Cancer Res.. 48: 6417-6423. 1988.
Teicher, B.. Cucchi. C., Lee, J., et al. Alkylating agents. In vitro studies of
cross-resistance patterns in human tumor cell lines. Cancer Res., 46: 4379-
4383, 1986.
Teicher, B. A., Holden, S. A.. Kelley. M. J.. et al. Characterization of ahuman squamous carcinoma cell line resistant to ci's-diamminedichloropla-

tinum. Cancer Res., 47: 388-393. 1987.
Frei, E., Ili, Cucchi, C., Rosowsky, A., et al. Alkylating agent resistance: in
vitro studies of human cell lines. Proc. Nati. Acad. Sci. USA, 82: 2158-2162,
1985.
Goldenberg, G. J., Vanstone, C. L., Israels, L. G., et al. Evidence for a
transport carrier of nitrogen mustard in nitrogen mustard sensitive and
resistant L51784 lymphoblasts. Cancer Res., 30: 2285-2291, 1970.
Goldenberg, G. J.. Lam. H. Y.. and Begleiter. A. Active carrier-mediated
transport of melphalan by two separate amino acid transport systems in
LPC-1 plasmacytoma cells in vitro. J. Biol. Chem., 254: 1057-1064, 1979.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

5063s

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/18_Supplem

ent/5060s/2444814/cr0510185060s.pdf by guest on 19 M
ay 2023



NEW DEVELOPMENTS IN CLINICAL ONCOLOGY

21. Vistica, D. T., and Rabinowitz. M. Amino acid-conferred protection against
melphalanâ€”characterization of melphalan transport and correlation of up
take with cytotoxicity in cultured L1210 murine leukemia cells. Biochem.
Pharmacol.. 27: 2865-2870, 1978.

22. Suzukake, K., Petro, B. J., and Vistica. D. T. Reduction in glutathione
content of LPAM resistant LI210 cells confers drug sensitivity. Biochem.
Pharmacol., 31: 121-124, 1982.

23. Thomas, C. B., Osieka. R., and Kohn, K. W. DNA cross linking by in vivo
treatment with I-(2-chloroethyl)-3-(4-methylcyclohexyl)-l-nitrosourea of
sensitive and resistant human colon carcinoma xenografts in nude mice.
Cancer Res., 38: 2448-2454, 1978.

24. Byfield. J. E., and Calabro-Jones, P. Carrier-dependent and carrier independ
ent transport of anticancer alkylating agents. Nature (Lond.), 294: 281-282,
1981.

25. Green, J. A., Vistica, D. T., Young, R. C., et al. Melphalan resistance in
human ovarian cancer. Potentiation of ME cytoloxicity by nutritional and
pharmacologie depletion of intracellular glutathione (GSH) levels. Proc. Am.
Assoc. Cancer Res., 25: 290, 1984.

26. Brent, T. P. Suppression of chloroethylnitrosourea-induced DNA crosslink
formation by an activity isolated from human leukemic lymphoblasts. Proc.
Am. Assoc. Cancer Res., 25: 288, 1984.

27. Meyn, R. E., Jenkins. S. F., and Thompson, L. H. Defective removal of
DNA cross links in a repair deficient mutant of Chinese hamster cells. Cancer
Res., Â«.-3106-3110, 1982.

28. Schabel, F. M. Combination chemotherapy. In:}. Montgomery (ed.). Cancer
chemotherapy: biochemistry. Proceedings of a Symposium at M. D. Ander
son Hospital, Houston, pp. 2-69. New York: Marcel Dekker. 1983.

29. Schabel. F., Griswold, D., and Corbet!, T. Increasing therapeutic response
rates to anticancer drugs by applying the basic principles of pharmacology.
Cancer (Phila.), (Suppl. 6), 54: 1160-1167, 1984.

30. Henderson, I. C., Hayes, D. F., and Gelman, R. Dose-response in the
treatment of breast cancer: a critical review. J. Clin. Oncol., 6: 1501-1515,
1988.

31. Hryniuk. W. M. More is better. J. Clin. Oncol., 6: 1365-1367. 1988.
32. Canellos, G. The dose dilemma. J. Clin. Oncol., 6: 1363-1364, 1988.
33. Tannock, I. F., Boyd, N. F., Deboer, G., et al. A randomized trials of two

dose levels of cyclophosphamide, methotrexate, and fluorouracil chemother
apy for patients with metastatic breast cancer. J. Clin. Oncol., 6:1377-1387,
1988.

34. Hoogstraten, B., George, S. L., Samai, B., et al. Combination chemotherapy
and Adriamycin in patients with advanced breast cancer. Cancer (Phila.), 38:
13-20, 1976.

35. Tormey, D. C., Gelman, R., Band, P. R., et al. Comparison of induction
chemotherapies for metastatic breast cancer: an Eastern-Cooperative Oncol
ogy Group trial. Cancer (Phila.), 50: 1235-1244, 1982.

36. Malik, R., Blumenschein, G. R., Legha, S. S., et al. A randomized trial of
high dose 5-fluorouracil (F), doxorubicin (A) and cyclophosphamide (C) vs
conventional PAC regimen in metastatic breast cancer. Proc. Am. Soc. Clin.
Oncol., 1:19, 1982.

37. Hortobagyi, G. N., Bodey, S. P., Buzdar, A. U., et al. Evaluation of high-
dose versus standard PAC chemotherapy for advanced breast cancer in
protected environment units: a prospective randomized study. J. Clin. Oncol.,
5:354-364. 1987.

38. Beretta. G., Gambrosier, P., Tabiodon, D., and Luporini. G. Therapeutic

response after two dose levels of intravenous CMF in metastatic breast
carcinoma. Proc. Am. Soc. Clin. Oncol., 5: 77. 1986.39. O'Bryan, R. M.. Baker, L. H., Gottlieb. J. E., et al. Dose response evaluation
of Adriamycin in human neoplasia. Cancer (Phila.). 39: 1940-1948, 1977.

40. Forastiere, A. A.. Hakes, T. B., Wittes, J. T., et al. Cisplatin in the treatment
of metastatic breast carcinoma: a prospective randomized trial of two dosage
schedules. Am. J. Clin. Oncol.. 5: 243-247, 1982.

41. Samal, B., Vaitkevicius, V., Singhakowinta. A., et al. cw-Diamiminedichlo-
roplatinum (CDDP) in advanced breast and colorectal carcinomas. Proc.
Am. Soc. Clin. Oncol., 19: 347, 1978.

42. Peters, W. P. The rationale for high-dose chemotherapy with autologous
bone marrow support in treating breast cancer. In: K. Dicke, G. Spitzer and
A. Zander (eds.). Autologous Bone Marrow Transplantation. Proceedings of
the First International Symposium, pp. 189-196. Houston: University of
Texas, M. D. Anderson Cancer Center Press, 1985.

43. Eder. J. P.. Amman. K., Peters, W., et al. High dose combination alkylating
agent chemotherapy with autologous bone marrow support for metastatic
breast cancer. J. Clin. Oncol.. 4: 1592-1597. 1986.

44. Teicher, B.. Holden, S.. Cucchi, C., et al. Combination of A',A",A"'-trieth-

ylenethiophosphoramide and cyclophosphamide in vitro and in vivo.
Cancer Res., 48: 94-100, 1988.

45. Teicher, B. A.. Holden, S. A.. Eder. J. P., Brann. T. W., Jones, S. M., and
Frei, E., III. Influence of schedule on alkylating agent cytotoxicity in vitro
and in vivo. Cancer Res., 49:6994-6998, 1989.

46. Eder, J. P., Antman, K., Elias, A., et al. Cyclophosphamide and thiotepa
with autologous bone marrow transplantation with solid tumors. J. Nati.
Cancer. Inst. (Bethesda), Â«0:1221-1226, 1988.

47. Sledge. G. W., Loehrer, P. J., Roth, B. J., and Einhorn. L. H. Cisplatin as
first line therapy for metastatic breast cancer. J. Clin. Oncol., 6: 1811-1814,
1988.

48. Kolaric. K.. and Roth, A. Phase II clinical trial m-dichlorodiammine plati
num for anti-tumorogenic activity in previously untreated patients with
metastatic breast cancer. Cancer Chemother. Pharmacol., / /: 108-112. 1983.

49. Kolaric. K.. and Vukas, D. Carboplatin activity in untreated metastatic breast
cancerâ€”a phase II trial. Proc. Am. Soc. Clin. Oncol., 9: 26, 1990.

50. Shea. T. C., Flaherty, M., Elias, A., et al. A phase I clinical and pharmaco
logical study of high-dose carboplatin and autologous bone marrow support.
J. Clin. Oncol., 7:651-661. 1989.

51. Eder, J. P., Elias, A.. Shea, T. C., et al. A phase I/II study of cyclophospha
mide, thiotepa and carboplatin with autologous bone marrow transplantation
in solid tumor patients. J. Clin. Oncol., 8: 1239-1245. 1990.

52. Antman, K., Eder, J., Elias. A., et al. High-dose combination alkylating agent
preparative regimen with autologous bone marrow support: the Dana-Farber
Cancer Institute/Beth Israel Hospital experience. Cancer Treat. Rep., 71:
119-125, 1987.

53. Antman, K., Bearman. S., Davidson, N., et al. High dose therapy in breast
cancer with autologous bone marrow support: current status. In: R. P. Gale,
and R. E. Champlin (eds.). New Strategies in Bone Marrow Transplantation
(new series in Mol. Cell. Biol.). New York: Alan R. Liss, Inc., 1990.

54. Dimetri, G. D., Spertini, O., Prat, E. S., et al. GM-CSF and G-CSF hÃ¢ve
different effects on expression of the neutrophil adhesion receptors LAM-1
and CD l Ib. Blood. 76: 178a. 1990.

55. Gianni, A. M., Bregni. M.. Siena. S., Ã©tal.Recombinant human granulocyte-
macrophage colony-stimulating factor reduces hÃ©matologietoxicity and wid
ens clinical applicability of high-dose cyclophosphamide treatment in breast

5064s

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/18_Supplem

ent/5060s/2444814/cr0510185060s.pdf by guest on 19 M
ay 2023




