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Daumier. Honore. The Doctor and the Nurse. (June, 1840) 
"How is the patient?--Alas, he died this morning at 6 o'clock. 

--Ah, than he didn't take my medicine.--But he did, sir. 
--Then he must have ~aken too much.--No, Doctor. 

--Then, he didn't take enough of it." 
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Although the lithograph reproduced here first appeared in the 
pages of le Charivari almost 150 years ago, the situation depicted 

, by Daumier is still relevant to one of the critical issues in 
modern oncology. ·Indeed, oncologists continue to debate the 
optimal dose for all of our modern day anti-neoplastic chemotherapy 
drugs and regimens. While we agree that many patients with meta
static disease will benefit from chemotherapy, the optimal drug 
dose, i.e. the one that results not only in maximal response rates 
and prolongation of survival but also in the lowest possible 
morbidity and mortality, is still a subject of controversy. 

One school of oncologists, citing studies of animals with 
experimental tumors and mostly retrospective analyses of human 
patients, has argued strongly that increased doses of chemotherapy 
invariably result in increased rates of complete response and cure 
for many tumors (Frei and Canellos, 1980; DeVita et al. 1987). As 
a consequence, these authorities have looked for ways to minimize 
the toxicity of particular regimens while continuing to give 
escalating drug doses. 

One limited approach to this problem, for example, is to use 
regional perfusion or intra-arterial therapy of isolated metas
tases, to achieve local drug concentrations that are higher than 
those that could be tolerated with systemic administration. Sim
ilarly, radiation therapy delivered to an area of tumor involvement 
has been employed as a "sensitizer" to selectively increase the 
local effect of concurrently administered ch~motherapy. 

However, the subject of today's Grand Rounds, autologous bone 
marrow transplantation (ABMT) , represents a general approach to the 
problem of excessive mortality from high-dose chemotherapy that has 
applicability to a broad range of patients. Indeed, the number of 
autologous transplants performed world-wide has been rising rapidly 
in the last few years. Given that the cost of this procedure is 
$30,000 to $70,000 per patient, it seems appropriate to review the 
theoretical basis for this technique and the actual results ob
tained to date in a variety of different tumors. 

What is autologous BMT? Simply put, autologous means from the 
same individual. Thus, ABMT involves first collecting bone marrow 
cells from the patient prior to the chemotherapy treatment. Then, 
the cells may be stored at 4°C for several days or frozen in liquid 
nitrogen and preserved for months to years. Following completion 
of the_drug _treatment, the bone marrow cells are thawed and infused 
back into the patient in an attempt to restore bone marrow function 

-,and limit the duration of pancytopenia with its attendant risks of 
sepsis and bleeding. 

Thus, one major tenet of ABMT is that marrow suppression is 
the major limitation to increased doses of chemotherapy. Indeed, 
almost all clinicians are familiar with the oncology patient who 
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is admitted 10-14 days after receiving high doses of chemotherapy 
with fever and agranulocytosis. Although most patients survive 

' these episodes with the help of broad spectrum antibiotics, 
attempts at further increases in the dose of chemotherapy have 
invariably led to unacceptable increases in the number of fatal 
septic episodes. In fact, it is not uncommon with very aggressive 
treatment programs to observe no improvement or even a decrease in 
overall patient survival, despite an increase in the number of 
complete tumor responses. In these situations, early mortality 
secondary to increased bone marrow toxicity and sepsis is generally 
the explantation for the lack of an overall survival benefit. 

Therefore, the major purpose of autologous BMT is the early 
restoration of bone marrow function following doses of chemotherapy 
that would normally result in very long periods of aplasia. One 
obvious requirement for this success of -this technique, however, 
is that the patient 1 s bone marrow - be normal and free of tumor 
infiltration. Clearly, infusion of large numbers of tumor cells 
contaminating the patient 1 s bone marrow could well vitiate any 
long-term benefits of high-dose chemotherapy. Thus, a potential 
disadvantage of ABMT is the risk of bone marrow contamination with 
residual leukemia or tumor cells. As we shall see, a variety of 
techniques have been employed in an attempt to "purge" the bone 
marrow of neoplastic cells. 

How does autologous BMT differ from allogeneic BMT? In 
contrast to ABMT, the major purpose of allogeneic transplants is 
to completely replace the patient 1 s abnormal bone marrow with 
normal marrow from another individual. However, as shown jn Table 
1, the use of allogeneic marrow introduces problems of graft re-_ 
jection and_ graft-versus-host di~ease (GVHD) which are essentially 

Table I Linch and Burnett, 1986. 

Advantages 

Applicable to older patients 
No limitations due to 
donor availability 
No graft rejection 
'!'lo graft-versus-host disease 

Intensification of therapy 
Curtailment of treatment 
period 

Advantages and disadvantages of ABMT. 

Compared with 

Allogende bone 
marrow transpl:antation 

Convent~onal ther2py 

Disadvantages 

Contamination of infused marrow 
with residual leukaemia or tumor 
Potential loss of ·graft-versus
leukaemia' effect 

Contamination of infused marrow with 
'untreated' residual leukaemia or 
tumor 
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non-existent in autologous grafts. In part because of the 
increased mortality of acute and chronic GVHD in older patients, 

. allogeneic transplants have been most successful in younger 
patients and many centers exclude patients over the age of 40, thus 
e xcluding approximately 70 % of cancer patients. However, because 
ABMT does not result in severe GVHD, these older patients may still 
be good candidates for high dose chemotherapy with autologous bone 
marrow support. Finally, allogeneic BMT also requires a histo
compatible sibling as a bone marrow donor, which is available for 
only 25-40% of patients regardless of age. Thus, for patients 
without a histocompatible donor, ABMT may also be the only option. 

The lack of graft versus host disease in autologous BMT also 
suggests a possible disadvantage of this technique as compared to 
allogeneic grafts, the lack of a graft versus tumor effect. Does 
such an effect exist? As we shall see, there is impres·sive data 
in the leukemias that a significant fraction of patients are cured 
not just by the chemotherapy regimen but also by an ongoing graft 
versus leukemia reaction. Although there is little data to suggest 
a similar effect exists in lymphomas and solid tumors, it is 
conceivable that similar benefits could exist for allogeneic 
transplants in other tumors. 

To summarize what has been said thus far, the major 
assumptions underlying the increasing use of autologous BMT are: 

(1) Transplantation of· autologous bone marrow can accelerate 
bone marrow recovery after high dose chemotherapy. 

(2) Amelioration of hematologic toxicity will permit a marked 
intensification of therapy without increased mortality. 

(3) Higher doses of chemotherapy will result 
response ratesand an increased number of 
survivors in both hematologic malignancies 
tumors. 

in higher 
long-term 

and solid 

(4) Purging techniques can successfully remove residual 
leukemia, lymphoma, or tumor cells from bone marrow. 

Before considering some of the data underlying these assump
tions, it should be noted at the outset that few prospective con
trolled clin.ical trials which test the validity of these concepts 
have been reported. Of course, ethical considerations limit the 
clinical investigator's ability to rigorously test all of these 
concepts in patients. Where necessary, then, we will consider data 
from animal studies which have been considered sufficiently 
conclusive to eliminate the need for comparable human studies. 
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I. Is marrow rescue really necessary? 

I 10 1l IC 11 11 20 22 
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Roc6vory of granulocyl• ( PMN) 
counts in two groupl of palients. •. m•dian 
PMN/mmJ in palionlo rec•iving autologous 
marrow aft•r IIACT ch•molh•rapy; o, 
m•dian PMN/mm) In pati•nh treal•cl with 
IACTalora. 

Figure 1 Appelbaum et al, 1978 

A number of studies in man have 
established that the recovery 
of granulocytes in the 
peripheral blood is accelerated 
in patients receiving high dose 
chemotherapy and autologous bone 
marrow transplantation as 
compared to patients receiving 
only high dose chemotherapy. 
Appelbaum and colleagues (1978) 
reported that in patients with 
malignant lymphoma receiving the 
chemotherapy regimen BACT1 , the 
median time to recovery of 100 
granulocytes was 8 days in 9 
patients receiving cryopreserved 
marrow compared to 16 days in 9 
controls (Figure 1). In 
addition, patients receiving 
bone marrow rescue had a median 
of 7 days with fever >38.5° as 
compared to 15 days for those 
not given marrow support. 
However, tl}e incidence of proven 

both groups. 
Takvorian and 

septic episodes was the same in 
Similar data have been reported in abstract form by 
associates (Takvorian et al, 1981). / 

However, not all data has 
been equally impressive. For 
example, Barlogie et al, 1987 
recently presented data on 23 
patients with refractory 
multiple myeloma who received 
melphalan at a dose of ·80-100 
mg/m2 of whom 9 were rescued 
with autologous bone marrow. As 
can be seen in Fig. 2, patients 
receiving bone marrow 
demonstrated a faster and more 
uniform recovery of total 
leukocytes to 200/ul · (A) and 
500/ul (B). On the other hand, 
the recovery of granulocytes and 
platelets was not accelerated in 
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hripher•l blood leu4r.ocyte recovery wilh and without 

bone m•rrowtrM•pl•nt•tion following high-doM ~lphalaln tre•l· 

Figure 2 Barlogie et al, 1986 

(BCNU 200 mg;m2
, Ara-c 100 mgjm2 q12hr X 8 doses, cyclophosphamide 45 

mgjKg q24hr X 4 doses, and 6-thioguanine 100 mg/m2 q12hr X 8 doses) 



this study by marrow support. 

In addition to these 
randomized studies, a number of 
other investigators have 
demonstrated the shorter periods 
of aplasia after high-dose 
chemotherapy and ABMT as 
compared to a lower dose of the 
same chemotherapy without ABMT 
(McElwain et al, 1979; Sarna et 
al, 1982; Tobias et al, 1977; 
Zander et al, 1981). Fig. 3 
shows the data obtained by 
McElwain and colleagues in 8 
patients with multiple myeloma 
treated with melphalan 140 mgjm2 

and ABMT as compared to 4 
patients receiving 60-125 mgjm2 

and no graft. Although a 
benefit for granulocytes is 
evident from day 10 on, no 
significant effect is apparent 
for platelets. 

Finally, a number of groups 
have demonstrated that the 
number of . bone marrow 
progenitors for granulopoiesis 
(GM-CFC) that are infused at the 
time of transplantation 
correlates significantly with · 
the time to hematopoietic 
recovery (Spitzer er al, 1980; 
Roodman et al, 1987; Rowley et 
al, 1987). Thus, after review 
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loucoeyte recovery aflor i.v.. melphalan 
(140 mg/ml) compared with 4 patients 
receiving lower d0$CS or mclphnlnn (GO . 
125 mg{rn~) ILilll nO go·nft (-). nnr• 
~how ± -•.d. 

Figure 3 McElwain et al, 1979 
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of this data, and in view of additional data from animal studies 
in dogs and primates, it seems reasonable to conclude that auto
transplants can accelerate granulocyte recovery. 

However, it is of interest to note here that although marrow 
grafts "lead to more rapid recovery of hematopoiesis, the actual 
duration of graft function is unknown. For example, it is now 
clear - that · with sufficient time, many recipients of allogeneic 
transplants who have received high doses of cyclophosphamide and 
·more than 900 rad of total body irradiation eventually recover 
significant degrees of autologous hematopoiesis (Yam et al, 1987). 
Although it is not possible to distinguish the endogenous recovered 
bone marrow cells from those used for the autologous graft, by 
analogy to the situation in allogeneic grafts, it is probable that 
most of the high-dose regimens used for ABMT do not eradicate all 
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of the bone marrow stem cells. Thus, it is unclear if ABMT is 
absolutely required for ,the recovery of hematopoiesis. Moreover, 

'while it seems reasonable to assume that a decrease in the duration 
of aplasia will result in a decrease in mortality from bleeding and 
sepsis and an increase in patient survival, no controlled clinical 
trials have yet proven this point. 

An additional reservation regarding the need for bone marrow 
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Figure 4 Brandt et al, 1988 Mean 
WBC and granulocyte counts in 4 
patients treated wi t .h GM-CSF 
(solid circles) and 24 controls 
(open circles) 

rescue relates to the recent 
availability of the colony
stimulating factors that 
stimulate hematopoiesis, and 
granulopoiesis in particular. 
At my last Grand Rounds 
(Recombinant CSF's: New 
Therapies for Granulocyte 
Disorder, 7/16/87), I discussed 
these factors in detail . Since 
that time additional data has 
appeared on the use of 
granulocyte-macrophage colony 
stimulating factor (GM-CSF) to 
accelerate the .recovery of 
granulopoiesis 1n patients 
undergoing autologous bone 
marrow transplantation (Brandt 
et al, '1988). Fig. 4 
demonstrates the effect of an 
infusion of GM-CSF on 4 patients 
receiving CPA chemotherapy2 and 
ABMT as compared to 24 
historical controls receiving 
the same chemotherapy and ABMT. 
The results of this study 
demonstrated that GM-CSF 
increases the rate of peripheral 
leukocyte and granulocyte 
recovery once the blood counts 
begin to rise at about day 9-10, 
but does not affect the overall 
duration of complete aplasia. 

More recently, Nemunaitis et al 
(1988) have reported the 
experience of the Seattle 
transplant group with GM-CSF in 
patients undergoing autologous 

2 (cyclo~hosphamide 1875 mgjm2 q24hr X 3 doses, cis-platinum 165 mgjm2 , 

BCNU 600 mgjm ) 
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transplants for lymphomas. When compared with 86 disease-matched 
and treatment-matched historical controls, 8 patients receiving >60 

, ugjm2jday of recombinant human GM-CSF demonstrated more rapid 
recovery of neutrophil counts (10 days vs. 16 days to absolute 
granulocyte count >100/ul) and half the number of febrile days (6 
vs. 12). Indeed, a careful examination of the data reveals a major 
overlap in the time to marrow recovery. Thus, some patients in the 
control group recovered granulocytes as early as 8 days after 
transplantation, equivalent to the earliest time observed in the 
GM-CSF group. Thus, the major effect of GM-CSF may be on the 
occasional patient with sluggish or delayed recovery. 

In this regard, although the treatment was well tolerated, two 
additional patients who received a lower dose of GM-CSF were 
reported who had incomplete engraftment with persistent cytopenia 
more than 100 days after transplant. This result, although 
infrequent, raises the possibility that GM-CSF can promote pre
mature differentiation of early stem cells and actually diminish 
long term reconstitution. 

Clearly these data, obtained with small numbers of patients, 
need to be confirmed in larger studies. Moreover, they raise the 
possibility that use of GM-CSF or G-CSF, possibly in combination 
with IL-3, might eliminate the need for ABMT altogether in some 
situations. However, it seems more likely that the combination of 
ABMT and growth factors will prove to be complementary in their 
effects of supporting bone marrow recovery after high dose 
chemotherapy. 

II. Is hematopoietic toxicity the limiting factor in dose 
escalation? 

Although bone marrow toxicity is a major side-effect of many 
qhemotherapeutic agents, clinicians are also very familiar with a 
variety of non-hematopoietic toxicities that limit the usefulness 
of many drugs. For example, because the cardiac toxicity of the 
anthracyclines, the pulmonary toxicity of bleomycin, the renal 
toxicity of cis-platinum, and the neurotoxicity of the vinca 
alkaloids can be encountered at standard drug doses, the potential 
of these agents for dose escalation has traditionally been thought 
to be -limited. 

On the other hand, considerable attention has focused on the 
alkylating agents, including melphalan, thiotepa, cyclophosphamide, 
and the nitrosoureas, such as BCNU. These agents not only produce 
predominantly hematopoietic toxicity at routine clinical doses, but 
also have the advantage of being non-cross-resistant in many 
clinical settings. For example, the nitrosoureas and cyclophos-

·):~: . l ..... ~ •• -
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phamide are not cross-resistant in the treatment of lymphomas, and 
cyclophosphamide and melphalan are not necessarily cross-resistant 

' in the treatment of multiple myeloma. 

Because many of the patients who are candidates for ABMT have 
had previous chemotherapy, the success of ABMT depends critically 
on the availability of agents with continued activity in patients 
whose tumors exhibit the "multidrug resistant phenotype". This 
important problem of multi-drug resistance in clinical oncology has 
recently been reviewed at these Grand Rounds (10/7/88) by Dr. 
Eugene Frenkel, and thus will not be considered in any detail here. 
However, as pointed out by Dr. Frenkel in his Grand Rounds, tumor 
cells that nre resistant to multiple chemotherapy drugs frequently 
maintain sensitivity to BCNU, cyclophosphamide, methotrexate, and 
other alkylating agents. Other newer agents that have also been 
investigated for use in ABMT include VP-16 (etoposide), amsacrine 
(AMSA), and mitomycin C. 

With increased use of ABMT and high doses of these agents, 
however, it has become clear that additional and sometimes 
previously unexpected non-hematologic toxicities have become 
evident (Table 2). For example, although the well-known urothelial 
toxicity of cyclophosphamide that results in hemorrhagic cystitis 
can be virtually eliminated with use of the sulfhydryl containing 
compound, 2-mercaptoethane sulfonate (MESNA), a unique form of 
hemorrhagic myocarditis has been associated with high-dose 
cyclophosphamide (>100 mgjkg) I frequently With a fatal OUtCOme 
(Appelbaum et al; 1976; Gottdiener et al, 1981). 

/ 
Similarly, melphalan, which has been used extensively for ABMT 

because its short half-life makes possible rapid re-infusion of 
bone marrow, has produced dose-limiting GI toxicity at about 200 
mgjm2 • Pulmonary toxicity has been the most frequent side-effect 
limiting BCNU therapy in ABMT, particularly in patients with pre
existing pulmonary disease or previous thoracic irradiation. Veno
occlusive disease of the liver, as well as hemorrhagic colitis and 
pancreatic toxicity, have been observed with high doses of 
mitomycin C (>60 mgjm2). Severe mucositis is a problem with high 
doses of VP- 16, and - the alkylator thiotepa has produced dose
limiting neurologic toxicit~ with stupor and coma occurring at 
doses greater than 900 mgjm . In addition, at doses above 900 
mgjm2 , thiotepa has also produced an unusual dermatologic toxicity; 
manifesting _as skin bronzing followed by desquamation. 

, Although these non-hematologic toxicities are severe, they often 
occur at drug doses many times that dose which produces life
threatening bone marrow depression. However, in clinical practice, 
particularly with regimens containing multiple drugs, toxicity to 
liver, lung, and other organs have limited the total dose 
escalation to 2-3 fold greater than that which can be used without 
bone marrow transplantation (Armitage and Gale, 1989). Is a 2-3 



Drug 

BCNU 

CTX 

Melphalan 

Mitoc 

Thiotepa 

Table 2 

Toxicity Normal Dose 
mg/m2 

Pulmonary fibrosis 200-300 
Encephalomyelopathy 

Carditis 1500 
Cystitis 

Gastrointestinal 45-60 
ITP 
AIHA 

Veno-occlusive 15 
liver disease 
GI hemorrhage 

Skin desquamation 75 
Neurologic 
Mucositis 

High Dose Ratio 
mg/m2 

1200 4-6X 

11000 7-8X 

200 3-4X 

60 4X 

900 12X 
/ 
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fold increase in drug dose sufficient to result in major clinical 
benefit for the patient? As we shall see, the answer to this 
critical question probably depends on the dose-response curve of 
each individual tumor. · 

III. Will more cures result from higher doses of chemotherapy? 

Much o.f the data cited by proponents of high-dose chemotherapy 
and ABMT involves animal studies demonstrating steep dose-response 

·,curves for experimental tumors treated with single agents andjor 
radiation. An example of this data is shown in Fig. 5, which is 
a synthesis of similar figures in Frei and Canellos, 1980 and 
Henderson et al., 1988. 

Using a variety of experimental tumors in mice, ranging from 
leukemias, fibrosarcomas, and mammary neoplasms, investigators have 
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Figure 5 Henderson et al, 1988 

repeatedly demonstrated a linear 
relationship between tumor cell 
survival and chemotherapy dose. 
Particularly in hematopoietic 
tumors, these studies invariably 
show a steep dose-response curve 
with at least an additional log 
of tumor cell kill resulting 
from a doubling of drug dose . 
On the other hand, in a solid 
tumor model, spontaneous mammary 
cancer, the curve is clearly 
much less steep. In fact, 
normal marrow stern cells are 
more sensitive than .the tumor 
cells to killing by the drug, 
suggesting a role for ABMT in 
this situation. 

However, the relevance of these 
animal models to human tumors 
is unclear. Many of these ex
perimental tumors are associated 
with a viral etiology and thus 
host immunity could conceivably 
augment drug-mediated tumor cell 
killing. ·rn addition, some of 
these models involve cell lines 
which have been passaged in 
vitro for many generations. 
Such lines, however, may be 
relatively homogeneous and 

respond more uniformly to a drug than highly heterogeneous human 
tumors. Finally, even a tumor kill of 10·4 may be far from 
sufficient to achieve long-term cure in a patient whose tumor 
burden generally exceeds 1010 cells and may reach 1012 cells in 
advanced malignancy. 

As we shall see in discussing the 
clinical indications and data for ABMT, 
the actual dose-response curve in human 
tumors is unknown and still the subject of 
much controversy. However, the benefits 
obtainable with ABMT and high-dose therapy 
depend critically on the shape of that 
curve. For example, as depicted in Fig. 
6, if the curve is linear and steep well 
beyond the range of conventional clinical 
dosage (i.e. curve A), then high-dose 
therapy should provide substantial 
increase in tumor response and possible 

' . --:-· 

Figure 6 Henderson et 
al, 1988 
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cure. On the other hand, curves B and C illustrate much less 
favorable situations. If the curve (B) is linear but the slope is 

, shallow, the benefits of ABMT and high-dose therapy will be more 
difficult to detect in small studies. On the other hand, if the 
curve reaches a plateau at the upper end of the normal clinical 
dose range, ABMT and high-dose chemotherapy .are unlikely to be 
beneficial. · 

Also the subject of continuing controversy is whether an 
increase in complete tumor responses will necessarily translate 
into an increase in long-term survival andjor cure. For example, 
as pointed out by Armitage and Gale (1989), the complete response 
rate in acute myeloblastic leukemia has increased from 25% to about 
70% in the last 15 years. However, the proportion of 5 year 
disease free survivors has not increased significantly in the same 
time period. Indeed, it is possible that the fraction of patients 
with leukemia, lymphoma, and germ cell tumors that are cured with 
conventional doses of chemotherapy have biologically different 
disease from the patients who eventually relapse. These latter 
patients may not be curable even with higher-doses of chemotherapy 
despite an increase in the complete response rate. 

An additional important element of the subsequent discussion 
involves the recently · introduced concept of "dose-intensity" 
(Hryniuk and Bush, 1984; Hryniuk et al, 1987). Because so few 
studies have directly compared different doses of the same 
chemotherapeutic agents delivered on the same schedule, these 
authors sought to develop a method for comparing similar drug 
regimens which nevertheless differed significantly in the frequency 
and intensity of drug dosage. In an attempt to equalize these 
differences, then, the comparison was based on the relative 
intensity of treatment over time, expressed as mgjm2jweek. The 
actual numbers were derived by the average dose given over the 
first eight weeks of therapy. 

For example, in comparing different studies that employed the 
~MF regimen of cyclophosphamide, methotrexate, and 5-fluorouracil, 
the authors assigned a relative intensity of one to the highest 
dose of a given agent used by a standard regimen against which the 
others were compared. Thus, if the standard dose of cyclophospha
mide were 560 mgjm2;week and a different regimen gave 120 mgjm2 X 
5 doses that were repeated everr 28 days, the dose intensity would 
first be calculated as 150 mgjmjweek and then adjusted to 0.27 in 
comparison ·to the standard highest dose regimen (150/560). All 
three drugs in the regimens were accorded equal weight in this 

··comparison and final dose intensity for a given regimen was the 
average of the values obtained for each of the three drugs. 

Although this method obviously involves numerous major 
assumptions, the results obtained from such analyses have been 
quite influential in strengthening the arguments of those who favor 
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high-dose treatment and ABMT. One objection to this concept is 
that it minimizes the significance of treatment duration, i.e. 

' whether the drugs are given for 4 months, 6 months, or a year 
(Dembo, 1987). However, with the exception of acute lymphoblastic 
leukemia, the evidence suggests that the major benefit of drug 
treatment occurs within the first few months, particularly for 
tumors with a high growth fraction. While not denying that some 
patients can continue to respond to treatment beyond this time, 
this point of view suggests that rapidity of response and the 
intensity of the early treatment is most crucial in determining 
the likelihood of prolonging survival and achieving cure. 

IV. Is purging effective andjor necessary? 

Bone marrow involvement with tumor cells is not an infrequent 
problem in the lymphomas, breast cancer, and small cell lung 
cancer. In addition, patients with leukemia in complete remission 
who are destined to relapse, i.e. the great majority, are presumed 
to have residual leukemia cells in their bone marrow throughout the 
course of their disease. 

In order to avoid or minimize the chance of re-infusing tumor 
cells into these patients during ABMT, a variety_ of methods have 
been developed which are capable of removing or killing at least 
2-3 logs of malignant cells. At the same time, these ·methods must 
spare the majority of the normal bone marrow'progenitors that are 
essential to early recovery from bone marrow aplasia. As shown in 
Table 3, "purging" techniques generally -either rely on monoclonal 
antibodies specific for the 
malignant cells, or on incu- _Table III Deeg et al, 1988 
bation with drugs which 
selectively kill malignant 
ce 11 s . M;m o w rurgina Tcchn iqutt for A.uloloJ(IUJ M.)HO\to' Tran .. rl .ontl 

To obtain cell killing with 
monoclonal antibodies, 
complement is added to promote 
cell lysis in vitro, or the 
monoclonal antibodies can be 
coupled to toxins, such as 
ricin, to create immunotoxins. 

Immunologic 

Eumr~ts 

m01tly u1ing monodon;,l anlitlotl 1c ~ 
+ compkment 
+ lo1ins 

Alternatively, antibodies have been coupled to magnetic particles 
and after attachment of the antibody to the target population of 
tumor cells, the particle-antibody-cell complex is selectively 
removed by passage of the cells over a magnetic field. With this 
latter technique, which has been used particularly in childhood 
neuroblastoma with bone marrow involvement, more than 4 logs of 
tumor cells can be removed with no apparent damage to the normal 
hematopoietic stem cells. One limitation to the effectiveness of 
monoclonal antibodies, however, is the presence of cells with a low 
density of the target antigen. A possible solution to this problem 
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is the simultaneous use of multiple monoclonal antibodies. 

The drug which has been most widely used for purging is 4-
hydroperoxycyclophosphamide (4-HC), a derivative of cyclophospha
mide. Mafosfamide, or ASTA-Z-7557, which has been used particu
larly in Europe, is another analog of cyclophosphamide which 
appears to undergo decomposition in vitro to 4-HC. Clinical trials 
with purging with this drug have been largely in ABMT for acute 
myelogenous leukemia (Yeager et al, 1987, 1989) and will be 
discussed in section VII-A. Some investigators have combined both 
monoclonal antibodies and 4-HC (Ramsay et al, 1989). 

Despite the widespread use of purging, particularly in 
transplantation for leukemia and lymphoma, no randomized trials 
have tested whether purging actually works. Although some 
retrospective comparisons of results obtained in multiple· different 
transplant centers have suggested an advantage for purging, others 
have not found any benefit (Burnett, 1989). In addition, there is 
no evidence that one purging method is superior to any other. In 
light of this lack of data, the role of purging will not be 
discussed further, but the use and method of purging will be 
indicated for each of the studies considered in this review. 

With this background in hand, it is now appropriate to review 
a) the clinical evidence for increased responses with increased 
drug dosage, and b) the results obtained thus far with ABMT and 
high-dose therapy in a variety of clinical ~ettings. The review 
will begin with lymphomas, including both Hodgkin's disease and 
non-Hodgkin' s lymphomas, then discuss the acute leukemias and 
chronic granulocytic leukemia, and conclude with several solid 
tumors with an emphasis of breast cancer. To limit this 
discussion, pediatric tumors such as neuroblastoma and Ewing's 
sarcoma and a number of less responsive adult tumors where the 
experience with ABMT is still limited will not be covered. If the 
reader is interested, several recent reviews on ABMT which discuss 
these other settings have appeared within the last year (Armitage 
and Gale, 1989; Cheson et al, 1989; Pick, 1988). 
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v. Is ABMT of value in Hodgkin's disease? 

Considerable clinical data 
suggests Hodgkin's disease 
exhibits a steep dose-response 
curve. For example, more than 
20 years ago, Henry Kaplan 
(1966) published data from 
patients treated with radiation 
therapy alone . As shown in Fig. 
7, the rate of tumor recurrence 
in a radiation field was closely 
related to the total radiation 
dose. Indeed, for doses above 
4000 rad, the risk of tumor 
recurrence was essentially zero. 

More recently, DeVita et al 
( 1987) applied the principles of 
dose intensity discussed above 
to the analysis of results 
obtained with MOPP3 chemotherapy 
for Hodgkin's disease. As shown 
in Fig. 8, relative to the 
original MOPP regimen, which is 
assigned an intensity of 1. 0, 
other versions of MOPP with less 
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intensive use of the same drugs 
(assessed as mgjm2jweek) appear to 
have resulted in a significantly 
lower disease-free survival . The 
results obtained with the most 
intensive MOPP regiment have been 
updated in a recent paper by Longo 
and colleagues (Longo et al, 
1986), and represent more than a 
10 year follow-up. Even within 
that single series, a 
retrospective analysis 
demonstrated that reductions in 
vincristine dose correlated 
significantly with reductions in 
complete response rate and 
disease-free survival. 

Despite the e xcellent results 
obtained with the original MOPP 

3 (Nitrogen mustard, vincristine, procarbazine, prednisone) 
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regimen, with alternative non-cross-resistant regimens such as 
ABVD4, and with alternating cycles of MOPP and ABVD, approximately 

' 30% of patients will eventually relapse and require further 
treatment. These relapses fall into four major categories. Of 
course, some patients will relapse after receiving radiation 
therapy alone for early stage disease. These patients still have 
a substantial salvage rate with standard chemotherapy, however, and 
are not candidates for ABMT. 

Patients who relapse after receiving previous chemotherapy, 
but whose initial remission was more than 1 year in duration, are 
also candidates for treatment with additional ·chemotherapy at 
conventional doses. For example, approximately 50% of MOPP 
failures enter a second CRafter further MOPP therapy, and of these 
50% are disease-free at 5 years. Alternatively, ABVD us~d in MOPP 
failures has yielded a 38% disease-free survival at 5 years 
(Santoro et al, 1982). With increasing use of alternating 
MOPP/ABVD therapy, however, we may begin to see more patients who 
have already been exposed to both of these regimens at the time of 
first relapse. 

Two additional categories that portend a much poorer prognosis 
are patients who (1) relapse less than 1 year after achieving a 
complete remission, .or (2) either never achieve a complete 
remission or who demonstrate no response to the salvage chemo
therapy regimens described above. This last group has been termed 
resistant relapses. The prognosis of these• patients with addi.
tional chemotherapy is sufficiently poor that they are considered 
candidates for ABMT. 

What about patients who responded to both MOPP and the ABVD, 
but eventually relapse after a second round of chemotherapy? Many 
of these patients are still sensitive to treatment and are termed 
sensitive relapses. Indeed, a number of third-line regimens have 
been described which produce a significant number of complete 
responses in these patients. The long-term results with third line 
therapy have been poor however. Although complete responses have 
been obtained in 15-40% of patients failing two chemotherapy 
regimens, the median duration of these responses has been short. 
Thus, these patients also have been considered to be candidates for 
high-dose therapy and ABMT, rather than for further chemotherapy 
with conventional doses. 

The results of ABMT for Hodgkin's disease patients who have 
failed both MOPP and ABVD appear to be quite promising. Three 
major single center studies have been described in detail as of 
this writing. Phillips et al (1988) have reported on 26 patients 
with a minimum 3 year follow-up, of whom 27% are disease free 
following high-dose cyclophosphamide, total body irradiation, and 

4 (Adriamycin, bleomyc~n, vinblastine, OTIC) 

'· 
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ABMT. Gribben et al (1989) have 
published data on 44 patient 
with refractory Hodgkin's 
disease, of whom 22 never 
achieved a complete remission 
with conventional therapies. 
With a minimum follow-up of 1 
year and a median follow-up of 
2 years, 50% of these patients 
are in comflete remission 
following BEAM chemotherapy and 
ABMT. Finally, Jagannath et al 
(1989) have reported on 61 
patients with Hodgkin's disease, 
all of whom had failed both MOPP 
and ABVD and 59 of whom were in 
relapse at the time of their 
ABMT. As shown in ·Fig. 9, 
following high dose chemotherapy with CBv6, 38% of the patients are 
disease free with a minimum 2 year and median 3 year follow-up. 
It should be noted that patients with bone marrow involvement were 
excluded from these studies. 

Although these results seem to be superior to what can be 
achieved with further chemotherapy at conventional doses, no 
randomized trials have been reported that compare the results of 
ABMT with third line salvage regimens. Clearly,_ such a study may 
be necessary to definitively assess the value of ABMT in Hodgkin's 
di~ease. - 1' 

One additional reasons for C?Ution in interpreting the results 
of these studies is that the number of sensitive or "untested" 
relapses included in each series is clearly critical to the success 
of the study. For example, when Jagannath et al (1989) divided 
their patients into two groups, 32 with resistant relapses and 29 
with sensitive or untested relapses, a major difference in outcome 
was readily apparent. At 2 years, only 20% of the resistant group 
were alive, while 75% of the other group were alive, albeit some 
with active disease. · Consistent with this data is the recent 
report of Ahmed et al (1987, 1989) describing a series of 23 
patients, of whom 18 were resistant relapses. Although these 
patients were treated with a CBV regimen similar to that used by 
Jagannath, only 2 patients are alive and disease free more than a 
year after ABMT. 

5 (BCNU 60 mg/m2
, VP-16 75 mgjm2 

melphalan 30 mgjm2
) 

cytosine arabinoside 200 mgjm2
, 

6 (cyclophosphamide 1.5 gjm2 q24hr X 4 doses, BCNU 300 mg/m2
, VP-16 100-

150 mgjm2 q12hr X 6 doses) 

.... ·. _. 
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Finally, the results obtained with ABMT were not without early 
mortality. The results from these three centers suggests that from 

' 5-20% of the patients may die from complications of the transplant 
procedure, despite graft support. Data from other older and 
smaller series suggests that the true figure is closer to 2 0%. 
Although the series reported by Ahmed consisted largely of poorer 
prognosis patients, they reported a toxic death rate of 26%. 

VI. Is ABMT of value in other lymphomas? 

DeVita et al (1987) have also attempted to apply the concept 
of dose-intensity to analyze the results of chemotherapy for 
diffuse large cell lymphoma. Unlike the analysis carried out for 
Hodgkin's disease and MOPP therapy, all of the regimens _evaluated 
in this situation use different drugs, ranging from 4-8 out of a 
total of 9. To compare these qifferent drug treatments, the 
authors assigned a value of 1. 0 to the regimen-t MACOP-B7 and then 
calculated a relative dose intensity for other regimens based on 
all nine drugs. The results of this questionable methodology, 
shown in Fig. 10, appear to show - that the long-term survival of 
each treatment is directly 
related to its degree of dose
intensity. 

Needless to say, the 
retrospective analysis - carried 
out by DeVita, while provoc
ative, has been severely 
criticized-. Armitage and Cheson 
(1988), for _example, argue 
strongly in a recent review that 
there is no evidence to show 
convincingly that the newer 
regimens being used to treat 
large cell lymphoma are better 
than the oldest and probably 
least toxic regimen, CHOP8
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Instead, they point out that differences in patient characteristics 
such as age and tumor burden may explain the apparent differences 
in cure rates reported with different regimens. To settle this 
question, a large randomized trial is now underway to compare CHOP 
to three other newer and more toxic regimens is now underway. 

Regardless of the. evidence for the value of dose- intensive 
_therapy in the aggressive non-Hodgkin's lymphomas, a significant · 
mi nority of patients will never achieve a complete response with 

7 (methotrexate, adriamycin, cyclophosphamide, vincristine, prednisone, 
bleomycin) 

8 (Cyclophosphamide, adriamycin, vincristine, prednisone) 



18 

initial therapy. In addition, patients~ho relapse after receiving 
adequate doses of one of the major regimens for this disease rarely 

' are cured of their disease with further conventional treatment. 
Similar to the situation in Hodgkin's disease, patients who relapse 
after achieving a complete response may be further classified as 
still sensitive to additional treatment (sensitive relapse) or 
resistant to additional treatment (resistant relapse) . 
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Figure 11 Philip et al, 1987 

The value of these distinctions 
is apparent in the results 
reported by Philip et al (1987) 
describing 100 patients with 
diffuse lymphomas- of 
intermediate to high-grade 
(large cell, immunoblastic, and 
lymphoblastic). Two-thirds of 
these patients were treated with 
a variety of high-dose 
chemotherapy regimens, such as 
BEAM, CBV, and BACT, while one-_ 
third received high-doses of 
single agents such as 
cyclophosphamide or melphalan 
and total body irradiation. As 
shown in Fig. 11, with a minimum 
follow-up of 2 years, patients 

with sensitive relapses (n=44) had a 36% lohg-term disease free 
outcome, while patients with resistant relapses (n=22) had only a 
14% disease-free survival. 
Patients who never achieved a 
complete remission with initial 
conventional therapy (n=34) had 
the worst outcome, with none 
surviving more than a year. It 
should be noted that none of 
these patients had bone marrow 
involvement. 

Consistent with these 
results, Takvorian et al (1987) 
reported on 49 patients, of whom 
33 had bone marrow involvement 
at some time during the course 
of thelr disease. In contrast 
to the previous study, however, 
all of these patients were 
sensitive relapses, who in fact 
had minimal disease after second 
line therapy at conventional 
doses. Following treatment with 
high dose cyclophosphamide and 
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Figure 12 Takvorian et al, 1987 

total body irradiation, ABMT was performed with bone marrow that 
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had been treated in vitro with anti-Bl monoclonal antibody and 
complement in an attempt to "purge" malignant B cells. As shown 

, in Fig. 12, this favorable group of patients appear to have a high 
probability of long-term disease-free survival, although the median 
follow-up at the time of the report was short. Only two treatment 
related deaths occurred. Some confirmation of these results may 
be seen in the abstract report of Gorin and associates (Desbois et 
al, 1988) describing 7 of 16 patients with sensitive relapses and 
diffuse disease who are disease free more than 36 months from 
transplant. Seven patients with resistant disease are all dead. 
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Given the dismal results in 
resistant disease and the 
promising data in sensitive 
relapses, a number of 
investigators have attempted to 
identify prognostic factors that 
would allow early identification 
of poor-prognosis patients. 
Conceivably, such patients might 
be candidates for ABMT as 
initial therapy. To determine 
prognostic factors, Jagannath et 
al· (1986) carried out a multi
variate analysis of 102 patients 
with large cell lymphoma treated 
with the CHOP-Bleomycin regimen. 
As shown in Fig. 13, patients 
could be divided into three very 
different groups based simply on 
the serum LDH, a marker of total 
tumor burden, and on the . 
presence of large bulky mass 
disease. Patients without 
either of these adverse factors 
had an excellent outcome after Figure 13 Jagannath et al, 1986 conventional treatment, but 
patients with both adverse 
prognostic findings all eventually dies of their disease. Very 
similar findings have also been reported by Shipp et al (1986) for 
patients with large cell lymphoma treated with m-BACOD9 • 

In view of the prognostic factors identified in diffuse large 
cell lymphoma, Gulati et al (1988) have recently reported early 
results for 27 previously untreated patients with either bulky 

-,tumor masses >8x8 em or an LDH>500 IU/ml (nl<225). After receiving 
intensive chemotherapy without ABMT to obtain initial complete or 
partial remission, 14 responding patients ( 6 CR, 8 PR) were 

9 (methotrexate, bleomycin, Adriamycin, cyclophosphamide, vincristine, 
and decadron) 

'· 
' 



20 

1.0 

"' 
0.8 

r:: 
> 
-~ 

0.6 ::J 
C/) 

r:: 
0 

t: 0.4 
0 
a. e 

Q. 0.2 

0.0 
0 20 40 60 80 

Months from Diagnosis 

Koplan.Meier survival of patients with 
poor progno•i• large-cell lymphoma. Founeen pa
tients (--.) In CR 0< PR underwent ABMT after L-
17M induction. Thirteen patients(..,___.) stayed on 
L-17M; ABMT wos held until relopH/foilure. Nine po· 
tients relapsed and six underwent ABMT. Atl patients 
who relapsed died (P == .009). Vertical tick marks 
represent lost patient follow-up. 

Figure 14 Gulati et al, 1988 

the acute and chronic leukemias is 
the occurrence of a graft versus 
leukemia reaction. Whether such 
an effect may be important in the 
lymphomas, however, is unknown. 
However, as shown in Fig. 15, the 
probability of relapse is 
essentially the same in 27 
autologous, 13 syngeneic, and 60 
allogeneic marrow transplants 
carried out in Seattle. While 
certainly far from conclusive, 
these data suggest :that a graft 
versus lymphoma effect is not a 
major factor in determining long
term survival after 
transplantation in these patients. 

willing to receive immediate 
high-dose therapy with DAT10 

chemotherapy and ABMT. After at 
least 3 years of follow-up, 11 
of the 14 patients are disease
free, as shown in Fig. 14. 
Results of this type will 
clearly need to be subjected to 
definitive evaluation in truly 
randomized prospective trials. 

Finally, it is interesting 
to consider one additional study 
reported by the Seattle group 
(Appelbaum et al, 1987) that 
compares the results of 
q.llogeneic transplantation for 
non-Hodgkin' s lymphomas with the 
results in syngeneic (identical 
twin) and autologous trans
plants. As we will discuss 
shortly, significant evidence 
suggests that a major deter
minant of the effectiveness of 
allogeneic transplantation in 
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10 (daunomycin, ara-c, thioguanine) _ 
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VII. What is the role for ABMT in the leukemias? 

A. Acute myelogenous leukemia (AMLl 

Very little data exists regarding the dose-response curve in 
patients with AML. - The best results have been obtained with a 
combination of daunorubicin given daily for three doses at 30-70 
mgjm2jday and cytosine arabinoside given at 100-200 mgjm2jday by 
constant intravenous infusion for seven days. No studies have 
looked at the effect of daunorubicin dose, and the one study that 
compared 100 mg/m2 vs. 200 mgjm2 of cytosine arabinoside found no 
difference in remission rates (D~llman et al, 1986). On the other 
hand, some evidence suggests that shortening the duration of the 
cytosine infusion from 7 days to 5 days is associated with- a longer 
time to achieve a complete remission, while increasing the duration 
to 10 days may increase the likelihood of a remission in some 
patients, but with a marked increase in toxicity (Champlin and 
Gale, 1987). Used as a single agent at higher doses, cytosine 
arabinoside induces approximately 25% complete responses at 1 gjm2

, 

while doses of up to 24 gjm2 achieve 50-75% complete responses 
(Armitage and Gale, 1989). 

What is certain in the treatment of AML, however, is that 25-
30% of patients will still not achieve an initial complete 
remission, and that the majority of patients who do will still 
relapse within the _ first 1-2 years. Five year disease free 
survival rates in adult AML are probably in the range of 10-15%, 
although some groups have achieved rates as· high as 25%. Given 
this relatively low rate of cure with conventional therapy, some 
centers have considered young patients with a histocompatible 
sibling as candidates for allogeneic transplantation while still 
in 1st remission. Indeed, the results of allogeneic transplan
tation are encouraging, with only 25% of the transplanted patients 
relapsing by 3 years of follow-up. Overall disease-free survival, 
however, is about 50% due to approximately 25% mortality from 
infection and graft versus host disease. 

In light of the success of allogeneic transplantation for AML, 
a number of investigators have pursued autologous transplantation 
as an alternative for older patients or for patients without a 
sibling donor . In general, these trials have included various 
methods for purging the bone marrow of residual leukemic cells, 
which - are almost cert~inly present even in patients who are in 
complete remission. As discussed earlier, there is currently no 
'evidence demonstrating that purging is effective or necessary. 

More problematic for the success of autologous transplants is 
the lack of a graft versus leukemia effect. In allogeneic grafts, 
the presence of graft versus host disease is clearly associated 
with a decreased incidence of relapse (Weiden et al, 1981; 
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Butturini, Bertin, et al, 1987). Similarly, depletion ofT cells 
from allogeneic bone marrow grafts decreases the incidence of graft 

' Versus host disease but increases the likelihood of relapse 
(Mitsuya et al, 1986). In addition, the results of syngeneic 
transplantation for AML (identical twins) demonstrate a 50-60% 
relapse rate at both Seattle (Fefer et al, 1986) and in an 
retrospective analysis of the world-wide experience (Gale and 
Champlin, 1984) .. Thus, it seems unlikely that autologous BMT can 
achieve better than a 40-50% relapse free survival without the 
benefit of a graft versus leukemia effect. 

Because of the uncertain value of ABMT in AML in 1st remis
sion, where a small bu~significant number of patients may already 
be cured by conventional chemotherapy, the Hopkins groups has 
emphasized ABMT in patients with AML who are in second- or even 
third complete remission. These patients are rarely cured by 
-conventional anti-leukemic therapy. - Yeager et al (1986) initially 
reported their results with 25 such patients who were treated with 
high-dose cyclophosphamide and busulfan or high-dose cyclophos
phamide and total body irradiation, and then grafted with autolo
gous marrow tha-t had been purged e x vivo with the alkylating agent 
4-hydroperoxycyclophosphamide. Five patients died of transplant
related toxicity, 9 patients relapsed, and 11 (44%) patients 
remained in remission with a median follow-up of >400 days. 

More recently, these 
authors have updated their 
results in a larger series of 53 
patients in second remission and 
10 patients in third remission 
(Fig. -16). The results continue 
to be very encouraging, as all 
11 original patients were still 
in complete remission with a 
minimum follow-up of 2 years. 
Since the duration of second 
remission may relate to the 
length of the 1st remission, it 
should be pointed out that the 
median duration of 1st remission 
in these patients was 15 months 
(range : 2-96) . It is also 
interesting to note that these 
results are not much worse than 
those obtained with 11 patients 
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transplanted in 1st remission, suggesting it may be possible to 
wait until the 1st relapse to consider this procedure. Combined 
data from the European experience with ABMT in 61 patients with 2nd 
remission AML (Burnett, 1989) has yielded a plateau at 40 % disease
free survival, although with a short period of follow-up. 
Interestingly in the European experience, purging had no effect on 
these results. 
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Other centers have reported smaller series of patients who 
, have undergone ABMT for AML in 1st remission. However, these 

series must be interpreted with great caution due to possible 
selection artifacts caused by long pre-autograft delays. For 
example, in reporting the combined European experience for AML in 
1st remission, Burnett noted that the median time to autograft was 
more than 5 months, and more than 10% of the patients were trans
planted more than a year after diagnosis. When the survival of 
these patients is stratified by pre-autograft delay, it is clear 
that patients with more than a 12 month delay do significantly 
better (Fig. 17). Clearly, those patients destined to do poorly 
never receive an autograft, 
while those who have a long 
first remission include an 
increasing percentage who are 
already cured. 

Thus, with this ·selection 
artifact in mind, the 
significance of much of the data 
reported for AML is less clear. 
Indeed, when the disease-free 
survival reported in the 
collected European data is 
compared with age-matched and 
delay-matched (i.e. only those 
patients who have not relapsed 
in the first 8-12 months) 
controls receiving intensive 
chemotherapy without autologous 
BMT, the results are not clearly · 
significantly improved by 
transplantation (Preisler, 
1987). Encouraging results in 
19 patients, 11 of whom are 
disease-free with a median 
follow-up of 34 months have also 
been reported by the group at 
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relapse free outcome 

M.D. Anderson (Spin6lo et al, 1989). 

B. Acute lymphoblastic leukemia 

Experience with autologous BMT for poor prognosis ALL in 1st 
remission or ALL in 2nd remission is limited. It is clear, 

·,however, that the likelihood of achieving cure after an initial 
relaps e in ALL, and particularly adult ALL, is extremely low with 
conventional chemotherapy. Thus, many centers have been willing 
to consider patients in second remission as candidates for high
dose chemotherapy and ABMT. However, much of the data has been 
reported by pooling both pediatric and adult cases. Not surpris
ingly, given the higher cure rate of ALL in children with chemo-
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therapy alone, the results of ABMT in ALL may be significantly 
better in children than in adults. 

Despite the inclusion of approximately two-thirds pediatric 
cases, the best studies are those of the Minnesota group, initially 
reported in the New England Journal as a comparison between allo
geneic transplants for patients with a matched donor, and autolo
gous transplants for unmatched patients {Kersey et al, 1987). For 
the autologous transplants, the bone marrow was purged with a panel 
of monoclonal antibodies to B cells {Ba-1,2,3) and complement. 
Conditioning for both groups was either high-dose cyclophosphamide 
and fractionated total body irradiation or cytosine arabinoside and 
single dose total body irradiation. Finally, the patients were 
selected for "high-risk", defined as either one relapse, a high 
white count at presentation {>50, 000), or age 21 to 50 r .egardless 
of white count or relapse status. However, only 3 of the 45 
patients in the autologous group were in their first remission. 
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As shown in Fig. 18, the 
results of this study 
dramatically illustrate the 
differences between autologous 
and allogeneic transplants. The 
autologous group is estimated to 
have a 20% cure rate, with 9 
patients out more than 2 years 
and disease-free. Although the 
results look much superior in 
the allogeneic group, the 
difference was not statistically 
significant after adjusting the 

1 1 1 1 1 data for the higher mortality 0 0~-.....l,---'-2--...l..3---4L-_ __!5-I experienced by the allogeneic 

Years Post-Transplant 

Cumulative Proportions of Pa1ien1s Free of RelapsE 
According to the Number of Years after Transplantation 

(P • 0.0005, Mantel-<:ox). 

Figure 18 Kersey et al, 1987 

group. Thus, 26% of the allo
geneic patients died of trans
plant complications, while only 
4% of the autologous patients 
died during the initial hospi
talization. On the other hand, 
79% of the autologous grafts 

were considered likely to eventually relapse when the data were 
analyzed in a statistical model. 

In contrast, in the allogeneic group, of those who developed 
graft-versus-host disease, only 37% were estimated to have relapse 
as a cause of treatment failure, while those who did not develop 
GVH had an estimated 75% relapse rate, strikingly similar to the 
autologous group. One other relevant point is that the duration 
of the first remission, i.e. >18 mo or <18 mo, was not a prognostic 
factor in this study, although others have found a major difference 
in success rate for allogeneic transplants when patients were cate
gorized by length of 1st remission {Butturini, Rivera et al 1987). 
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The same authors have updated these data at a recent meeting 
(Ramsay et al, 1989). The results are essentially unchanged with 
an additional year of follow-up, although one patient in the 
autologous group has apparently relapsed between 3 and 4 years 
after transplant. Ramsay has also summarized the data obtained by 
a variety of other centers with autologous BMT in ALL in both 1st 
and 2nd relapse (Table IV) . In order to make this comparison more 
meaningful, the median age of 
the patients in each group has Table IV Ramsay et al, 1989 
been added to the table. As can 
be seen, the centers treating 
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the older patients (UCLA, 
Hopkins) report significantly 
lower estimates of disease free 
survival at two years, just over 
10% in both cases. Once again, 
the relapse rate for autologous 
BMT is rather consistently high, 
ranging from 50-90% for patients 
in 2nd complete remission at the 
time of the transplant. Sillth 41 1!1 Sll ....... )51 68VIBS 

For adults with ALL in 1st 
remission, intensive chemother-
apy regimens appear to produce 
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survival (Hoelzer and Gale, 1987; Linker et al, 1987; Hoelzer et 
al, 1988). On the other hand, allogeneic transplantation for 
adults with ALL in 1st remission appears to produce approximately 
40% long-term disease free survival (Gale and Butturini, 1989). 
Given that approximately 10-20% of chemotherapy relapses can still 
be salvaged by transplantation in 2nd remission, Gale has argued 
that chemotherapy in still the treatment of choice as initial 
therapy in adult ALL. 

Any rationale for the routine use of autologous BMT in 1st 
remission is also complicated by the lack of a graft versus leu
kemia effect. While the loss of this effect may be partially com
pensated for by the reduced mortality due to transplant complica
tions and severe GVHD, some degree of GVH is probably important in 
decreasing the risk of relapse. Thus, ABMT for adult ALL in 1st 
remission would not seem indicated at the present time. Recent 
data sugges~s, however, that it . is possible to define a poor prog
nosis group of adults, ·based on high initial white count, null ALL 
,phenotype, older age (>35), and longer time to achieve a complete 
remission (> 4 wks) (Hoelzer et al, 1988). Patients with none of 
these adverse factors had a probability of being in complete 
remission at 5 years of greater than 60%, while those with 2 or 
more factors had a probability of less than 20%. These authors are 
currently randomizing poor risk patients to further chemotherapy 
alone vs. bone marrow transplantation, allogeneic or autologous. 

·~ 
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C. Chronic granulocytic leukemia (CGL) 

Allogeneic BMT for CGL in chronic phase has proven to be 
capable of achieving a long-term survival of 55-65% and a disease
free survival at 5 years of greater than 50% (Thomas and Clift, 
1989). Moreover, if patients are transplanted within the first 
year after diagnosis, the results may be substantially better. 
Although nearly all of these patients are Philadelphia chromosome 
negative, the availability of the polymerase chain reaction to 
detect very small numbers of residual Ph positive cells will 
undoubtedly identify some patients who have not relapsed by 
clinical or cytogenetic criteria, but who still harbor the Ph 
positive clone. The long-term significance of such a finding, 
however, is unknown. 

The possibility of achieving similar results with autologous 
BMT for CGL patients who are older or who do not have a sibling 
donor is complicated first by the lack of a graft versus leukemia 
effect. Although good results have also been obtained in small 
numbers of identical twins, with 9 of 14 currently alive and 
disease-free with follow-up ranging from 7-12 years (Thomas arid 
Clift, 1989), data from T-cell depletion studies in much larger 
numbers of patients suggest that graft versus disease and an 
associated graft versus leukemia effect are ~lso important in CGL 
(Goldman, 1989). Thus, although depletion of T cells dramatically 
decreased the incidence of severe GVH, it also resulted in a much 
higher risk of relapse in patients transplanted for CGL. " · 

More serious, however, is the problem of eliminating Phila
delphia positive cells from the bone marrow. Two recent approaches 
to this latter problem are of interest. First, a small percentage 
.of patients with Ph positive CGL have become cytogenetically normal 
after prolonged therapy with alpha-interferon. Although these 
patients do have residual Ph cells detectable by the polymerase 
chain reaction technique, harvesting and storage of the "remission" 
marrows in these patients is currently being carried out in 
anticipation of ABMT ·at a later stage of the disease. 

Second, Eaves and colleagues (Barnett et al, 1988) have shown 
that bone marrow from patients with CGL frequently becomes Ph 
negative after 1-2 weeks of culture in vitro. Apparently, Ph 
positive cells die off under these conditions and only Ph negative 
~ells persist. This group has now reported treating three patients 
in chronic phase CGL with VP-16, cyclophosphamide, total body 
irradiation and autologous bone marrow cultured in vitro for 10 
days. One patient died of transplant related toxicity, one patient 
relapsed at 3 months, and one patient is in remission with normal 
cytogenetics at 7 months post transplant. Clearly these results 
are extremely preliminary, and must be viewed in context of 
previous data on short-term cytogenetic remissions achieved in CGL 
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with chemotherapy alone. Nevertheless, this technique suggests an 
approach for separating normal residual marrow stem cells from 

, abnormal Ph positive ste~ cells. A similar approach has been 
reported by Dexter and colleagues ·for purging bone marrow of 
patients with AML and cytogenetically abnormal clones (Chang et al, 
1986; Testa et al, 1987) . 

Finally, a number of groups have used bone marrow harvested 
from patients in the chronic phase of CGL to treat the accelerated 
or blast crisis phase of the disease with ABMT and high-dose 
chemotherapy (Phillips et al, 1984; Thomas et al, 198.4; Preisler 
et al, 1984; Haines et al, 1984; Reiffers et al, 1986; Lemonnier 
et al, 1986). Although many of these patients were able to achieve 
a second chronic phase of their disease, and some were found to 
have a proportion of cytogenetically normal cells after transplant, 
the durations of these second chronic phases have been ·short and 
long-term survival is extremely rare. 

VIII. What is the role of ABMT in solid tumors? 

A. Germ cell tumors 

Because the germ cell tumors are highly responsive to chemo
therapy, few patients have been treated with ABMT because most can 
be cured with first or second line chemotherapy regimens (Einhorn, 
1987). The ·recent introduction of -the cyclophosphamide analog, 
ifosfamide, for the treatment of test_icular cancer has resulted in 
improved rates of salvage, approximately 40% at minimum two years 
follow-up, for patients wh~ relapse after initial therapy (Loehrer, 
Einhorn, and Williams, 1986). Clearly, then, high-dose therapy and 
ABMT are probably indicated only as a third line approach to 
treating refractory testicular tumors. 

Possibly because patients with refractory testicular neoplasms 
have been heavily pre-treated, the reports of high-dose therapy and 
ABMT have generally been disappointing. Complete remission rates 
have been about 20% overall, and the duration of these responses 
have less than a year in duration (Herzig et al, 1987; Wolff et al, 
1984; Postmus et al, 1984; Pico et al, 1986; Sleijfer et al, 1986; 
Mulder . et al, 1988). Conceivably, the identification of poor 
prognosis patients who fail initial chemotherapy might allow the 
selection o£ less-heavily pre-treated patients who are destined to 
fail conventional therapy. 

B. Small cell lung cancer 

Four studies have attempted to randomize patients to low and 
high doses of chemotherapy for small cell lung cancer. Although 
one of these studies showed a statistically significant difference 
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in response rates and survival, the doses used in the low-intensity 
arm were relatively small, and no complete responses were seen in 
'this arm (Cohen _et al, 1977). Two other studies failed to find 
differences in survival or · response rates between low and high 
doses of cyclophosphamide (Figueredo et al, 1985) or methotrexate 
(Hande et al, 1982). One final study showed an increase in the 
complete response rate in small numbers of patients treated with 
higher doses of cyclophosphamide, but the survival was the same in 
both arms (O'Donnell et al, 1985). Overall these studies suggest 
that there is not additional benefit to doses of cyclophosphamide 
greater than 300-400 mgjm2;week (Murray, 1987). 

Recently, Murray (1987) has applied the concept of dose
intensity delivered over the 1st 6 weeks of therapy to retro
spectively analyze the results obtained with CAV11 chemotherapy for 
small cell lung cancer. Analyzing over 2000 patients published in 
25 separate studies, a logistic regression analysis confirmed the 
lack of a correlation between cyclophosphamide dose-intensity and 
outcome. On the other hand, the dose-intensity of adriamycin was 
highly significantly associated with response in extensive stage 
disease . For patients receiving CAE12 therapy, the correlation for 
adriamycin extended to both response rate and median survival time. 

Given the high response rate of untreated small cell lung 
cancer to standard chemotherapy, a number of investigators have 
treated small numbers of patients with high-dose therapy and ABMT. 
Many of these studies have looked at the utility of ABMT as late 
"intensification" treatment following conventional induction 
therapy. In general, the results of ABMT used in this manner in 
uncontrolled studies has not been encouraging. Even though these 
studies were generally limited to patients achieving complete or 
partial responses with initial therapy, the 2 year survivals were 
very low and not clearly superior to conventional treatment (Ihde 
et al, 1986; Smith et al, 1985; Sculier et al, 1985; Cunningham et 
al, 1985). Spitzer et al (1986) have described 5 patients with a 
disease-free survival of more than 4 years out of 13 patients with 
limited stage disease who initially achieved a complete response 
with traditional induction therapy. 

One randomized trial has compared the value of intensification 
with ABMT in small cell lung cancer (Humblet et al, 1987). Of 101 
patients, 45 were randomized to either continued conventional 
therapy or late intensification with ABMT. Patients with extensive 
stage disease had the same overall survival regardless of therapy, 
and no long-term survivors were seen in either treatment group. 
Of the 32 patients with limited-stage disease, relapse occurred at 

11 (cyclophosphamide, adriamycin, vincristine) 

12 (cyclophosphamide, adriamycin, VP-16) 
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a median of 10 weeks in the conventional arm and 35 weeks in the 
ABMT arm, a significant difference . Nevertheless, the median 

, overall survival times were not significantly different (60 weeks 
and 84 weeks, respectively). Three patients survived more than 2 
years in the ABMT group, however, while no patient survived beyond 
one year in the conventional treatment arm. 

In analyzing this last trial, it is important to note that 
relapses generally occurred at the sites of previous disease and 
not in the bone marrow. This suggests that bone marrow involvement 
with small cell lung cancer is not the reason for the poor results 
of ABMT in this disease. However, purging of tumor cells from the 
marrow may become more important if regimens are improved to yield 
increased control of primary tumor sites. One logical step to take 
in ABMT for small cell lung cancer would be to treat selected 
patients with ABMT at the time of diagnosis, before the development 
of drug resistance. Such a study should be carried out, however, 
as a randomized trial with conventional treatment. 

C. Breast cancer 

Although the concept of dose-intensity has already been 
introduced in this Grand Rounds, the original use of this method 
of analysis was in breast cancer (Hryniuk and Bush, 1984). As 
.shown in Figs. 19 and 20, the rate of complete and partial re
sponses in metastatic breast cancer appears ~o be strongly corre-

lated with the d.ose-intensity 
calculated for the CMF13 and 

1oo FAC14 regimens commonly used in 
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breast cancer. Moreover, as shown in Fig. 21, this correlation 
' also holds for median survival times, although the slope of the 
curve appears to be less significant. While this analysis is 
certainly provocative, Henderson et al. (1988) have argued 
forcefully that this analysis is flawed. Analyzing data from all 
trials using CMF for adjuvant therapy of both pre- and post-
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Figure 21 Hryniuk and Bush, 1984 

menopausal breast cancer, 
Henderson et al (1988) found a 
very low correlation between 
dose-intensity and the time to 
disease relapse. Indeed, in the 
premenopausal group the 
correlation was negative. 

A small number of randomized 
clinical trials have looked at 
the issue of dose-response in 
metastatic breast cancer. 
Hortobagyi et al (1987) 
randomized 59 previously 
untreated patients with 
metastatic breast cancer to a 
conventional dose of FAC or to 
FAC with substantially higher 
doses of adriamycin and 
cyclophosphamide given in a 
protected environment. No 

significant differences were 
response, and survival. 

seen in response rates, duration of 

Tannock et al (1988) 
recently reported on 133 
previously untreated patients 
with metastatic breast cancer 
who were randomized to receive 
CMF at half-doses of all drugs 
or at full doses. The results 
are instructive. As shown in 
Fig. 22, the patients receiving 
high dose therapy had a median 
survival of 15.6 months as 
compared to 12.8 months in the 
low dose group. However, when 
the data were corrected for an 
·imbalance between the two arms 
in the time from relapse to 
randomization, the effect was 
not statistically significant 
(P=O.l2). Response rates were 
significantly different, 
however, with 30% responding in 
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the high dose arm vs. 11% in the 
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low dose arm. Not surprisingly, the high-dose group experienced 
more vomiting, myelo-suppression, and alopecia. 

Despite the conflicting data on the impact of increased dose
intensity on breast cancer, the use of autologous bone marrow 
transplantation for patients with metastatic breast cancer has 
increased in recent years. More than 300 women have been ·reported 
who have undergone ABMT (Antman and Gale, 1989). The great 
majority of these cases have been refractory to conventional 
regimens. Overall, these patients have had a complete response 
rate to intensive· combination chemotherapy regimens and ABMT of 
about 20%, with a duration of 2-5 months. Given that this 
procedure has been accompanied by a mortality of 5-20%, it is .not 
clear that these results are better than that achieved with 
conventional treatment. 

Two studies have reported results with high-doses of 
alkylating agents (cyclophosphamide,- cis-platinum, and BCNU) and 
ABMT as initial therapy for metastatic breast cancer (Eder et al, 
1986; Peters et al, 1988). Of a total of 25 estrogen-receptor 
negative patients reported in these two studies, 14 (56%) achieved 
a complete response. Five toxic deaths occurred (20%), and four 
patients remain in complete remission at 19-55 months. Overall, 
the procedure did not result in an improvement in the median 
disease free or overall survival. 

D." Other solid tumor·s 

Patients with ovarian cancer, melanoma, colon carcinoma, 
glioma, and other solid tumors have also been treated with a 
variety of high-dose drug regimens and ABMT. With the exception 
of ovarian cancer (Levin and Hryniuk, 1987), there is little 
evidence for a steep dose-response curve for most of these tumors, 
which respond poorly to conventional chemotherapy. In general, an 
increased rate of responses has been seen in some of these small 
trials, but the duration of these responses has been short. A 
recent review details the limited experience in these solid tumors 
(Cheson et al, 1989). 

IX. conclusions 

If one attempts to summarize the indications for the use of 
ABMT, _it must first be emphacized that all of the indications 
suggested here need to be confirmed by prospective randomized 
~rials. Nevertheless, a minority of patients who are otherwi~e 
incurable seem to have long-term disease-free survivals after high
dose therapy and ABMT, i.e. patients with Hodgkin's disease failing 
MOPP and ABVD therapy, diffuse lymphomas in 1st relapse, and acute 
leukemias in 1st relapse. Other potentially valuable settings 
which need substantial additional data to support their wider use 
are untreated diffuse lymphomas and leukemias in 1st remission that 
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have features associated with a poor prognosis. Most controversial 
is the value of ABMT in CGL, breast cancer, small cell lung cancer, 

'and other solid tumors. 

For the future, we can expect to see more randomized trials 
and a trend to using intensive therapy in the adjuvant setting for 
diseases like melanoma and breast cancer that have very poor 
prognostic features. For example, patients with inflammatory 
breast cancer and patients with Stage II disease and greater than 
10 positive axillary nodes, both of whom have a poor prognosis, are 
being considered for ABMT at at least one center. 

Relative to dose-response data for breast cancer, one major 
trial is underway to examine the dose-responsiveness of adjuvant 
therapy in this disease. Over 800 patients are enrolled in a CALGB 
study comparing adjuvant therapy with CAF at high dose for 4 
months, moderate dose (two-thirds) for 6 months, and low dose (one
half) for four months. The results of this trial should be 
evaluable in another 4-5 years. 

Another direction for the future that could prove valuable for 
ABMT is an in vitro method for determining the dose-response curve 
of various tumors with a variety of chemotherapy drugs (von Hoff 
et al, 1986). In a pilot study with the tumor cloning assay, in 
which individual tumor specimens are cultured in vitro and tested 
for killing with different concentratfons o:t; drug, von Hoff and 
associates were able to demonstrate a steep dose response curve for 
certain drugs. For example, me~phalan in lymphomas (n=44) and cis
platinum in small cell lung cancer (n=38) exhibited steep dose
response curves. At the highest doses for these drugs, 100% of the 
patient samples had at least a 50% decrease in the number of tumor 
colonies surviving a 1 hr exposure to the drug. In contrast, most 
of the drugs tested in breast cancer (n=453) and other solid tumors 
had flat or shallow curves with increasing drug dose. Although 
this work is clearly preliminary, an improved understanding of each 
drug's dose-response characteristics in each tumor will be critical 
to exploiting the potential value of high-dose chemotherapy and 
autologous bone marrow transplantation. 



33 

References 

, Ahmed T, Gingrich SA, Ciavarella D, et al. Myeloablative 
chemotherapy followed by autologous bone marrow transplantation for 
patients with refractory Hodgkin's disease. Proc Am Soc Clin Oncol. 
1987;6:150. 

Ahmed T, Ciavarella D, Feldman E, Ascensao J, Hussain F, Engelking 
c, Gingrich S, Mittleman A, Coleman M, Arlin ZA. High-dose 
potentially myeloablative chemotherapy and autologous bone marrow 
transplantation for patients with advanced Hodgkin's disease. 
Leukemia 1989;3(1):19-22. 

Antman K, Gale RP. High dose chemotherapy and autologous bone 
marrow support for breast cancer. In: Champlin R, Gale RP, eds. 
Bone Marrow Transplantation: Current Controversies. Alan R. Liss, 
Inc., 1989:253-63. 

Appelbaum FR, Herzig GP, Ziegler JL, Grow RG, Levine AS, Deisseroth 
AB. Successful engraftment of cryopreserved autologous bone marrow 
in patients with malignant lymphoma. Blood 1978;52:85-95. 

Appelbaum FR, Strauden JA, Graw RG, Savage DD, Kent AM, Ferrans VJ, 
Herzig GP. Acute lethal carditis caused by high-dose combination 
chemotherapy. Lancet 1976;1:58-62. 

Appelbaum FR, Sullivan KM, Buckner CD, ~t al. Treatment of 
malignant lymphoma in 100 patients with chemotherapy, total body 
irradiation, and marrow transplantation. J Clin Oncol. 
1987;5:1340-7. / 

Armitage JO, Gale RP. Bone marrow autotransplantation. Amer J Med 
1989;86:203-6. 

Armitage JO, Cheson BD. Interpretation of clinical trials in 
diffuse large-cell lymphoma. J Clin Oncol 1988;6(8):1335-47. 

Barlogie B, Hall R, Zander A, Dicke K, Alexanian R. High-dose 
melphalan with autologous bone marrow transplantation for multiple 
myeloma. Blood. 1986~67:1298-301. 

Barnett MJ, Eaves CJ, Phillips GL, Kalousek DK, Klingemann H-G, 
Lansdorp PM, Reece DE, Shaw GJ, Eaves AC. Rapid reconstitution of 
Philadelphia chromosome-negative hematopoiesis in patients with 
chronic myeloid leukemia transplanted with cultured autologous bone 
.,marrow to support intensive therapy. Blood 1988;(Suppl. 1):379a. 

Brandt SJ, Peters WP, Atwater SK, et al. Effect of recombinant 
human granulocyte-macrophage colony-stimulating factor on 
hematopoietic reconstitution after high-dose chemotherapy and 
autologous bone marrow transplantation. N Engl J Med. 1988; 
318:869-76. 



..... 

34 

Burnett Ak. International experience of autologous bone marrow 
' transplantation in acute myeloid leukemia. In: Champlin R, Gale 
RP, eds. Bone Marrow Transplantation: Current Controversies. Alan 
R. Liss, Inc. 1989:129-47. 

Butturini A, Bortin MM, Gale RP. Graft-versus-leukemia following 
bone marrow transplantation. Bone Marrow Transplant 1987;2:233-
42. 

Butturini JA, Rivera GK, Bortin MM, Gale RP. Which treatment for 
childhood acute lymphoblastic leukemia in second remission? Lancet 
1987;1:429-432. 

Champlin R, Gale RP. Acute myelogenous leukemia: recent advances 
in therapy. Blood 1987;69(6) :1551-62. 

Chang J, Coutinho L, Morgenstern G, Scarffe JH, Deakin D, Harrison 
c, Testa NG, Dexter TM. Reconstitution of haemopoietic system with 
autologous marrow taken during relapse of acute myeloblastic 
leukaemia and grown in long-term culture. Lancet 1986 Feb 
8;1(8476):294-5 

Cheson BD, Lacerna L, Leyland-Jones B, Sarosy G, Wittes RE. 
Autologous bone marrow transplantation. Current status and future 
directions. Ann Intern Med. 1989 Jan 1;110(1) :51-65. 

Cohen MH, Creaven PJ, Fossieck BE Jr, et· al. 
chemotherapy of small cell bronchogenic carcinoma. 
Rep 1977;61:349-54. 

Intensive 
Canc~r Treat 

Cunningham D, Banham SW, 
cyclophosphamide and VP-16 as 
for small cell carcinoma of 
1985;15:303-6. 

Hutcheon AH, et al. High-dose 
late dosage intensification therapy 
lung. cancer Chemother Pharrnocol. 

Deeg HJ, Klingemann H-G, Phillips GL. A Guide to Bone Marrow 
Transplantation. Springer-Verlag 1988:36. 

Dembo AJ. Time-dose factors in chemotherapy: Expanding the concept 
of dose-intensity. J Clin Oncol 1987;5:694-6. 

Desbois I, Lemonnier MP, Colombat P, Laporte JP, Binet c, Douay L, 
Najman A, Lamagnere JP, Gorin NC. Results of autologous bone 
marrow transplantation in 46 patients with non-Hodgkin's lymphoma. 
Blood 1988;(Suppl. 1) :384a. 

DeVita VT Jr, Hubbard SM, Longo DL. The chemotherapy of lymphomas: 
looking back, moving forward - the Richard and Hinda Rosenthal 
Foundation award lecture. Cancer Res. 1987;47:5810-24. 

Dillman RO, Green MR, Davis RB, Weiss RB, Gottlieb AJ, Rybka W, 



35 

Kopel s, Preisler H, Schiffer c, Mcintyre OR. Comparative study 
. of two remission induction regimens of ara-c for acute myelocytic 
, leukemia. Blood 1986;68 (Suppl. 1}:221. 

Eder JP, Antman K, Elias A, Shea TC, Teicher B, Henner WD, Schryber 
SM, Holden s, Finberg R, Chritchlow J et al. Cyclophosphamide and 
thiotepa with autologous bone marrow transplantation in patients 
with solid tumors. J Natl Cancer Inst 1988 Oct 5;80(15):1221-6 

Einhorn L. Chemotherapy of disseminated germ cell tumors. Cancer 
1987;60(Suppl 3) :570-3. 

Fefer A, Cheever MA, Greenberg PD. Identical-twin (syngeneic) 
marrow transplantation for hematologic cancers. J Natl Can Inst 
1986 ;76 (6): 1269-73. 

Figueredo AT, Hryniuk WM, Strautman is I, et al. Cotrimoxazole 
prophylaxis during high-dose chemotherapy of small-cell lung 
cancer. J Clin Oncol 1985;3:54-64. 

Frei E, Canellos GP. 
chemotherapy. Am J Med 

Dose: A critical 
1980;69:585-94. 

factor in cancer 

Gale RP, Champlin RE. How does bone marrow transplantation cure 
leukemia? Lancet 1984;2:28-30. 

Gale RP, Butturini A. Acute lymphoblastic leukemia: 
versus transplantation. In: Champlin R, Gale RP, eds. 
Transplantation: Current Controversies. Alan R. 
1989:67-74. 

Chemotherapy 
Bon.e Marrow 
Liss, Inc. 

' 

Goldman JM. Bone marrow transplantation 
leukemia. In: Champlin R, Gale RP, 
Transplantation: Current Controversies. 
1989:195-206. 

for 
eds. 
Alan 

chronic myeloid 
Bone Marrow 

R. Liss, Inc. 

Gottdiener JS, Appelbaum FR, Ferrans VJ, Deisseroth A, Ziegler J. 
Cardiotoxicity associated with high-dose cyclophosphamide therapy. 
Arch Intern Med 1981;141:758-63. 

Gribben JG, Linch DC, Singer CR, McMillan AK, Jarrett M, Goldstone 
AH. Successful treatment of refractory Hodgkin's disease by high
dose combination chemotherapy and autologous bone marrow 
transplantation. Blood 1989 Jan;73(1}:340-4 

Gulati sc, Shank B, Black P, Yopp J, Koziner B, Straus D, Filippa 
D, Kemp in S, Castro-Malaspina, et al. Autologous bone marrow 
transplantation of patients with poor prognosis lymphoma. J Clin 
Oncol 1988;6:1303-13 

Haines ME, Goldman JM, Worsley AM, et al. Chemotherapy and 
autografting for chronic granulocytic leukemia in transformation: 



36 

probable prolongation of survival for some patients. Br J Haematol. 
1984;58:711-21. 

Hande KR, Oldham Rk, Fer MF, et al. Randomized study of high-dose 
versus low-dose methotrexate in the treatment of extensive small 
cell lung cancer. Am J Med 1982;73:413-8. 

Henderson IC, Hayes OF, Gelman R. Dose-response in the treatment 
of breast cancer: a critical review. J Clin Oncol 1988 
Sep;6(9):1501-15 

Herzig RH, Phillips GL, Lazarus HM, et al. Intensive chemotherapy 
and autologous bone marrow transplantation for the treatment of 
refractory malignancies. In: Dicke KA, Spitzer G, Zander AR, eds. 
Autologous Bone Marrow Transplantation: Proceedings of the First 
International Symposium. Houston: University of Texas, _ M.D. 
Anderson Hospital and Tumor Institute;1985;197-202. 

Hoelzer D, Gale RP. Acute lymphoblastic leukemia in adults: 
Recent progress, future directions. Sem Hematol 1987;24:27-39. 

Hoelzer D, Thiel E, Leffler H, Buchner T, Ganser A, et al. 
Prognostic factors in a multicenter study for treatment of acute 
lymphoblastic leukemia in adults. Blood · 1988;71(1) :123-31. 

Hortobagyi GN, Buzdar AU, Bodey GP, Kau s, Rodriguez v, Legha ss, 
Yap H-Y, Blumenschein GR. High-dose induction chemotherapy of 
metastatic breast cancer in protected environment: a prospective 
randomized study. J Clin Oncol 1987;5:178-84. 

Hortobagyi GN, Bodey GP, Buzdar AU, Frye D, Legha ss, Malik R, 
Smith TL, Blumenschein GR, Yap ·H-Y, Rodriguez V. Evaluation of 
high-dose versus standard FAC chemotherapy for advanced breast 
cancer in protected environment units: a prospective randomized 
study. J Clin Oncol 1987;5:354-64. 

Hryniuk W, Bush H. The importance of dose intensity in chemotherapy 
of metastatic breast cancer. J Clin Oncol. 1984;2:1281-8 . 

Hryniuk WM, Figueredo A, Goodyear M. Applications of dose 
intensity to problems in chemotherapy of breast and colorectal 
cancer. Sem Oncol 1987;14(Suppl 4):3-11. 

Humblet Y, Symann M, Bosly A, Delaunois L, Francis c, Machiels J, 
Beauduin M, Doyen c, Weynants P, Longueville J . et al. Late 
i ntensification chemotherapy with autologous bone marrow 
transplantation in selected small-cell carcinoma of the lung: a 
randomized study. J Clin Oncol 1987 Dec;5(12):1864-73 

Ihde DC, Deisseroth AB, Lichter AS, et al . Late intensive combined 
modality therapy followed by autologous bone marrow infusion in 
extensive-stage small-cell lung cancer. J Clin Oncol. 



37 

1986;4:1443-54. 

, Jagannath s, Velasquez WS, Tucker SL, et al. Tumor burden 
assessment and its implication for a prognostic model in advanced 
diffuse large-cell lymphoma. J Clin Oncol. 1986;4:859-65. 

Jagannath s, Armitage JO, Dicke KA, Tucker SL, Velasquez WS, smith 
K, et al. Prognostic factors for response and survival after high
dose cyclophosphamide, carmustine, and etoposide with autologous 
bone marrow transplantation for relapsed Hodgkin's disease. J Clin 
Oncol 1989;7:179-85. 

Kaplan HS. Evidence for a tumoricidal dose level in the 
radiotherapy of Hodgkin's disease. Cancer Res 1966;26:1221. 

Kersey JH, LeBien T, Nesbit M, McGlave P, Weisdorf D, Kenyon P, 
Hurd D, Goldman A, Kim T, Kersey J. Autologous bone marrow 
transplantation for patients with acute lymphoblastic leukemia in 
second or subsequent remission: Results of bone marrow treated 
with monoclonal antibodies BA-1, BA-2, and BA-3 plus complement. 
Blood 1987;66:508-13. 

Lemonnier MP, Gorin NC, Laporte JP, Douay L, Lopez M, van den Akker 
J, Stachowiak J, David R, Pene F, Kantor G et al. Autologous 
marrow transplantation for patients with chronic myeloid leukemia 
in accelerated or blastic phase: report of 14 cases. Exp Hematol 
1986 Aug;14(7}:654-8 

Levin L, Hryniuk W. The application of dose intensity to problems 
in chemotherapy of ovarian and endometrial cancer. Sem Oncol 
1987;14(4} :12-9. 

Linch DC, Burnett AK. Clinical studies of ABMT in acute myeloid 
leukaemia. C1in Haematol 1986 Feb;15(1) :167-86 

Linker CA, Levitt LJ, O'Donnell M, Ries CA, Link MP, Forman SJ, 
Farbstein MJ. Improved results of treatment of adult acute 
lymphoblastic leukemia. Blood 1987;69(4):1242-8. 

Loehrer PJ, Einhorn LH, Williams SD. VP-16 plus ifosfamide plus 
cisplatin as salvage therapy in refractory germ cell cancer. J 
Clin Oncol 1986;4(4) :528-36. 

Longo _DL, young RC, Wesley M, et al. Twenty years of MOPP therapy 
fbr Hodgkin's disease. · J Clin Oncol 1986;4:1295-306. 

'McElwain TJ, Hedley DW, Burton G, Clink HM, Gordon MY, Jarman M, 
Juttner CA, Millar JL, Milsted RAV, Prentice G, Smith HE, Spence 
D, . Woods M. Marrow autotransplantation accelerated hematological 
recovery in patients with malignant melanoma treated with high-dose 
melphalan. Br J Cancer 1979;40:72-80. 

' .'- -·---- .• ··-~• ... : -• ~ r 



38 

Mitsuya R, Champlin R, Gale RP, et al. Depletion of T-lyrnphocytes 
from donor marrow for the prevention of graft-versus-host disease 

'following bone marrow transplantation: A prospective randomized 
double blind trial. Ann Intern Med 1986;105:20-6. 

Mulder PO, deVries EG, Koops HS, Splinter T, Maas A, van der Geest 
s, Mulder NH, Sleijfer DT. Chemotherapy with maximally tolerable 
doses of VP 16-213 and cyclophosphamide followed by autologous bone 
marrow transplantation for the treatment of relapsed or refractory 
germ cell tumors. Eur J Cancer Clin Oncol 1988;24{4) :675-9. 

Murray N. The importance of dose and dose intensity in lung cancer 
chemotherapy. Sem Oncol 1987;14{Suppl 4):20-28. 

Nemunaitis J, Singer JW, Buckner CD, Hill R, Storb R, Thomas ED, 
Appelbaum FR. Use of recombinant human granulocyte-macrophage 
colony-stimulating factor in autologous marrow transplantation for 
lymphoid malignancies. Blood 1988 Aug;72(2):834-6 

O'Donnell MR, Ruckdeschel JC, Baxter D, et al. Intensive induction 
chemotherapy for small cell anaplastic carcinoma of the lung. 
Cancer Treat Res 1985;61:571-5. 

Peters WP, Shpall EJ, Jones RB, Olsen GA, Bast RC, Gockerman JP, 
Moore JO, High-dose combination alkylating agents with bone marrow 
support as initial treatment for metastatic breast cancer. J Clin 
Oncol 1988 Sep;6(9) :1368-76 

Philip T, Armitage JO, Spitzer G, Chauvin F, Jagannath S, ~ahn JY, 
Colombat P, Goldstone AH, Gorin NC, Flesh M et al. High-dose 
therapy and autologous bone marrow transplantation after failure 
of conventional chemotherapy in ·adults with intermediate-grade or 
high-grade non-Hodgkin' s lymphoma. N Engl J Med 1987 Jun 
11;316{24) :1493-8 

Phillips GL, Herzig GP. Intensive chemotherapy, total body 
irradiation, and autologous marrow transplantation for chronic 
granulocytic leukemia-blast phase: report of four additional cases. 
J Clin Oncol. 1984;2:379-84. 

Phillips GL, Fay JW, Herzig RH, Lazarus HM, Wolff SN, Lin H-S, 
Shina DC, Glasgow GP, Herzig GP. Long follow-up in the treatment 
of progressive Hodgkin's disease (HD), with cyclophosphamide {CY), 
total - body · irradiation {TBI) with or without involved-field 
radiotherapy {IF-RT) and autologous bone marrow transplantation 
.(AuBMT). Blood 1989; (Suppl. 1) :400a. 

Pick TE. Autologous bone marrow transplantation in children. CRC 
Crit Rev Oncology/Hematology 1988;8(4):311-37. 

Pico JL, Droz JP, Gouyette A, et al. High-dose chemotherapy 
regimens followed by autologous bone marrow transplantation in 

.• 



39 

refractory or relapsed non-seminomatous germ cell tumors. Proc Am 
Soc Clin Oncol. 1986;5:111. 

Postmus PE, de Vries EGE, de Vries-Hospers HG, et al. 
Cyclophosphamide and VP 16-213 with autologous bone marrow 
transplantation: a dose escalation study. Eur J Cancer Clin Oncol. 
1984;20:777-82. 

Preisler HD, Raza A, Higby D, et al. Treatment of myeloid blastic 
crisis of chronic myelogenous leukemia. Cancer Treat Rep. 
1984;68:1351-5. 

Preisler HD, Raza A. Autologous bone marrow transplantation for 
acute leukemia in remission [letter] Br J Haematol 1987 
Mar;65(3):377 - 9 

Ramsay NK, LeBien T, Weisdorf D, Woods W, Bostrom B, Nesbit M, 
Wallera D, Uckun F, Goldman A, Kim T, Haake R, Lasky L, Kersey J. 
Autologous BMT for patients with acute lymphoblastic leukemia. 
In:Champlin R, Gale RP, eds. Bone Marrow Transplantation: Current 
Controversies. Alan R. Liss, Inc.;1989:57-66. 

Reiffers J, Gorin NC, Michallet M, Maraninchi D, Herve P. 
Autografting for chronic granulocytic leukemia in transformation. 
JNCI 1986 Jun;76(6) :1307-10 

Roodman GD, LeMaistre CF, Clark GM, Page CP, ijewcomb TF, Knight WA, 
CFU-GEMM correlate with . neutrophil and platelet recovery in 
patients receiving autologous marrow transplantation after high
dose melphalan chemotherapy. Bone Marrow Transplant 1987 
Aug;2(2J:165-73 

Rowley SD, Zuehlsdorf M, Braine HG, Colvin OM, Davis J, Jones RJ, 
Saral R, Sensenbrenner LL, Yeager A, Santos GW. CFU-GM content of 
bone marrow graft correlates with time to hematologic 
reconstitution following autologous bone marrow transplantation 
with 4-hydroperoxycyclophosphamide-purged bone marrow. Blood 1987 
Jul;70(1):271-5 

Santoro A, Bonfante V ,. Bonadonna G. Salvage chemotherapy with ABVD 
in MOPP resistant Hodgkin's disease. Ann Intern Med 1982;96:139-
43. 

Sarna~P, Champlin R, Wells J, Gale RP. Phase-! study of high- dose 
mitomycin with autologous bone marrow support. Cancer Treat Rep 

.,1982; 66: 277~82. 

Sculier JP, Klastersky J, Stryckmans P, et al. Late intensification 
in small-cell lung cancer: a phase I study of high doses of 
cyclophosphamide and etoposide with autologous bone marrow 
transplantation. J Clin Oncol. 1985;3:184-91. 

, . 



40 

Shipp MA, Harrington DP, Klatt MM, et al. Identification of major 
prognostic subgroups of patients with large-cell lymphoma treated 

' with m-BACOD or M-BACOD. Ann Intern Med . 1986;104:757-65. 

Sleijfer DT, de Vries EGE, Mulder POM, Maas A, Mulder NH. Ablative 
chemotherapy followed by autologous bone marrow transplantation for 
the treatment of germ cell tumors. Proc Am Soc Clin Oncol. 
1986;5:97. 

Smith IE, Evans BD, Harland SJ, et al. High-dose cyclophosphamide 
with autologous bone marrow rescue after conventional chemotherapy 
in the treatment of small cell lung carcinoma . Cancer Chemother 
Pharmacal. 1985;14:120-4. 

Spinolo JA, Dicke KA, Horwitz LJ, Spitzer G. Strategies for the 
clinical application of. autologous bone marrow trasnplantation in 
acute leukemia. In: Gale RP, Ch~mplin R, eds. Bone Marrow 
Transplantation: · Current Controversies. Alan R. Liss, 1989;149-
156. 

Spitzer G, Farha P, Valdivieso M, Dicke K, Zander A, Vellekoop L, 
Murphy WK, Dhingra HM, Umsawasdi T, Chiuten D et al. High-dose 
intensification therapy with autologous bone marrow support for 
limited small-cell bronchogenic carcinoma. J Clin Oncol 1986 
Jan;4(1):4-13 

Spitzer TR, Verma OS, Fisher R, Zander A, Vellekoop L, Litam J, 
McCredie KB, Dicke KA. The myeloid progenitor cell--its value in 
predicting hematopoietic recovery after autologous bon~ marrow 
transplantation. Blood 1980;55:317-23. 

Takvorian T, canellos GP, Ritz J, Freedman AS, Anderson KC, Mauch 
p, Tarbell N, Coral F, Daley H, Yeap B et al. Prolonged 
disease-free survival after autologous bone marrow transplantation 
in patients with non-Hodgkin's lymphoma with a poor prognosis. N 
Engl J Med 1987 Jun 11;316(24) :1499-505 

Takvorian T, Parker LM, Canellos G. Non-frozen or cryopreserved 
autologous bone marrow (ABM) rescue of BCNU-induced 
myelosuppression. Proc. ASCO 1981;22:424. 

Tannock IF, Boyd NF, DeBoer G, Erlichman c, Fine s, Larocque G, 
Mayers c, Perrault D, Sutherland H. A randomized trial of two dose 
level - of cyclophosphamide, methotrexate, and fluorouracil 
chemotherapy . for patients with metastatic breast cancer . J Clin 
Oncol 1988;6:1377-87 

Testa NG, Coutinho L, Chang J, Morgenstern G, Scarffe JH, Dexter 
TM. The use of cultured bone marrow cells for autologous 
transplantation in patients with acute myeloblastic leukemia. 
Hamatol Bluttransfus 1987;31:75-8 

- •."• ... !-Y• r 



41 

Thomas ED, Clift RA. Indications for marrow transplantation in 
chronic myelogenous leukemia. Blood 1989;73(4) :861-4. 

Thomas MR, Robinson WA, Dantas M, Koeppler H, Drebing c, Globe LM. 
Autologous marrow transplantation for patients with chronic 
myelogenous leukemia in blast crisis. Am J Hematol. 1984;16:105-12. 

Tobias JS, Weiner RS, Giffiths CT, Richman CM, Parker LM, Yankee 
RA. Cryopreserved autologous marrow infusion following high-dose 
cancer chemotherapy. Eur J Cancer. 1977;13:269-77. 

Weiden PL, Sullivan KM, Flournoy N, et al. Antileukemic effect of 
chronic graft versus host disease: contribution to improved 
survival after allogeneic marrow transplantation. N Eng J Med 
1981;304:1529-33. 

Wolff SN, Johnson DH, Hainsworth JD, Greco FA. High-dose VP-16-213 
monotherapy for refractory germinal malignancies: a phase II study. 
J Clin Oncol. 1984;2 : 271-4. 

Yam PY, Petz LD, Knowlton RG, et al. Use of DNA restriction 
fragment length polymorphisms to document marrow engraftment and 
mixed hematopoietic chimerism following bone marrow 
transplantation. Tran?plantation 1987;43:399-407. 

Yeager AM, Rowley so, Kaizer H, Colvin OM, Braine HG, Saral R, 
Santos G. Autologous bone marrow transplantation in acute 
nonlymphocytic leukemia: Studies of ex vivo chemopuring . with 
4-hydroperoxycyclophosphamide. In: Gale RP, Champlin RE, eds. 
Bone Marrow Transplantation: Current Controversies. New York: 
Alan R. Liss;l989:157-66. 

Yeager AM, Kaizer H, Santos GW, Saral R, Colvin OM, Stuart RK, 
Braine HG, Burke PJ, Ambinder RF, Burns WH et al. Autologous bone 
marrow transplantation in patients with acute nonlymphocytic 
leukemia, using ex vivo marrow treatment with 4-hydroperoxy
cyclophosphamide. N Engl J Med 1986 Jul 17;315(3):141-7 

Zander A, Spitzer · G, Legha s, Dicke K Vellekoop L, Verma D, 
Minnhaar G, Schell F, Blumenschein G, Bodey G. High dose AMSA and 
autologous bone marrow transplantation (ABMT) in patients with 
solid tumors. Proc AACR 1981;22:234. 


