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ORIGINAL ARTICLE

W.R. Bezwoda

High-dose chemotherapy with hematopoietic rescue in breast cancer:
from theory to practice

Abstract The development of more effective treatmer]}l ducti

strategies currently provides the only realistic hope &ftroduction
reducing breast cancer mortality. Among such treatments, . . . o
high-dose chemotherapy (HDC) has been proposed to b rgast cancer has a high m_ortallty rate despite th(_a limited
potentially curative strategy. Consideration of the factorg!CCeSS arising from the introduction of screening and
involved in the successful treatment of human tumofdiuvant or early systemic treatment programs. Current
suggests that HDC could be integrated into the treatmtﬁwdence |nd|pates that at least 30% of all patients diag-
of breast cancer, but only if the treatment is adequat sed as havmg breast cancer W.'” die of the d'Seﬁse [23]'
planned with regard to tumor kinetics and chemotherafy! Patients with poor prognostic features at diagnosis
sensitivity and resistance patterns. Two randomized studjgg'°"g which lymph node status remains the most impor-
of the use of HDC in breast cancer have been publish t predictor of outcome) the mortality rate is even higher:

recently. In the first, HDC using a combination of cyclo- )—-50% of patients with between 4 and 9 posit_ive nod_es
; P will relapse [8], whereas the relapse rate for patients with

=10 positive nodes is>70% [24].

ment was compared to a conventional dose regimen con-E idemiol data indi hat the incid b
sisting of cyclophosphamide, mitoxantrone, and vincristine, =P'démiology data indicate that the incidence of breast
cer is increasing worldwide. This trend has been most

The second study compared the effects of early or delayed! : ; )
y b y poticeable in developed countries such as the United States,

HDC in patients who had an optimal response to conve e ;
tional-dose induction chemotherapy. Both studies show@{j€re the lifetime risk for the development of breast cancer
ow approximately 12%. This indicates that breast cancer

HDC to be more effective than conventional-dose treatméen I b 4 blic health bl i h
in delaying the time to progression, but only in the study "' ©€ @ major public health problem well into the next

which HDC was used as the initial treatment was there S§RNUIY- . .
effect on survival. The differences between these twp Puring the past decade, enthusiasm for the use of high-

investigations can probably be explained on the basis #S€ chemotherapy (HDC) as part of the overall strategy of
the different effects of the treatment regimens on tumgFatment has increased. Although there is some evidence to
kinetics and the efficiency of HDC when used as salva Lpport th|§ approach, the use of HDC remains controver-

therapy in the delayed HDC group. Dose-intensive theraifl)' The aim Of_th's paper is to review the current state of

has an established role in breast cancer. Attention néWPWledge in this therapeutic area.

needs to focus on methods of optimizing this treatment

strategy.
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The ability of chemotherapy to effect cure in a number of

Work presented at the 12th Bristol-Myers Squibb Nagoya Internatior{zﬂal'gn"’Int diseases ,'S now beyond_ _questlon. However' the
Cancer Treatment Symposium, “New therapeutic strategies for high@€tors that determine the curability of malignancy by
cure rates: High-dose therapy and new therapeutic modalities,” ~chemotherapy are not well defined. Although most of the
4-5 October 1996, Nagoya, Japan curable adult cancers fall into the category of hematological
WR. Bezwoda malignancies, the small but consistently observed [11]
Ur'1iv'ersitzywof the Witwatersrand Medical School, Department of increase (on the order of 3-15%) in the long-term survival

Medicine, 7 York Road, Parktown 2193, Johannesburg, South africieure) of patients with early breast cancer following adju-
Tel. +2711 -488-3901; Fax +2711- 642-9949/488-3901 vant chemotherapy suggests that the response of breast
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Clinically - Overt metastatic discase the malignancy has reached a clinically detectable size.

Tumourl,/{g;e&’ Since cytotoxicity is related mainly to the growth fraction,
TUMOUR il the predictions from this model (Norton-Simon hypothesis
DOUBLING - Clidical CR [24-26]) suggest that the clinical response is associated
TIME / with a relatively small reduction in total tumor burden and

/ may be followed by rapid regrowth. This hypothesis sug-
/ gests that a single-dose treatment, even in an aggressive
| — chemotherapy treatment, may produce little real survival
benefit.
Fig. 1 Gompertzian growth kinetics For chemotherapeutic treatments to be curative there
would appear to be a number of requirements. These
] include the availability of a regimen that produces a high
cancer cells to chemotherapy, at least at a certain stage@hplete response (CR) rate (i.e., optimal cytoreduction)
tumor growth, is not qualitatively different from thatand the delivery of a minimal number of courses of
observed in hematological malignancies. Although thgeatment, i.e., therapy is continued even after the achieve-
beneficial effects of adjuvant chemotherapy are currenfijent of a clinical CR to decrease the amount of tumor cells
modest, there is a general expectation that they can ez number below the minimal required for tumor re-
improved. However, once recurrence or metastatic involvgrowth. Even those tumors that are highly responsive to
ment is present, the disea}se is essentially incurable W@}h‘bmotherapy (e.g., gestational trophoblastic disease,
current standard therapeutic approaches. ~ Hodgkin’s disease, and some of the acute leukemias) appear
Two models have been advanced to explain the discreg- require more treatment cycles than are required to
ancy between the potential curability of early-stage breggthieve an apparent CR so as to effect cure.
cancer and the essential incurability of overt metastatic The Gompertzian model has been used as the theoretical
disease. These two models may be termed the kingtigtification for the use of initial cytoreduction by conven-
resistance and the cellular resistance models. tional-dose chemotherapy followed by a single round of
HDC or other “ablative” treatment as “consolidation” (cf.
the current practice in bone marrow transplantation for
Kinetic resistance leukemia and the current practice in HDC for breast
cancer). However, the lessons drawn from the Norton-
The basic aim of chemotherapy is to reduce tumor burd&imon hypothesis appear to be just as applicable to HDC
through a cytotoxic effect on proliferating cells. Howeverggimens as to conventional-dose treatments. The challenge
the relationship between tumor proliferation and cytotoxider the future will be to optimize high-dose treatment
ity and tumor regression is complex. Two hypotheses hakggimens such that therapy can be delivered repeatedly
been advanced to explain these relationships. and as quickly as possible, but also in a manner that is safe
The first is the exponential model of tumor cell growtland acceptable to the patient. These concepts will be further
and cytotoxic effects, based mainly on the L1210 leukeméxamined when the results of HDC trials in metastatic
cell line and other experimental tumor models. The growtiteast cancer are evaluated.
fraction, cell-loss fraction, and cell-cycle duration of the
L1210 tumor line are remarkably stable. Skipper and
colleagues [30] have shown that when such experimen€gllular basis of drug resistance
tumors are treated with anticancer drugs a constant fraction
of cells, for any given drug dose, are killed (log cell-kill) Another factor that undoubtedly influences the success or
The exponential cell-kill hypothesis further states that eaédilure of treatment is the existence of resistant subpopula-
chemotherapeutic agent in a combination regimen will hatiens of cells in the tumor. Although some of the mechan-
its own log cell-kill, with the effects of the combinationisms responsible for cellular drug resistance (e.g., P-glyco-
regimen thus being at least additive. The exponential cgliFotein expression) have been defined in experimental
kill hypothesis has provided the rationale for the developdmor models, the clinical significance of P-glycoprotein
ment of combination chemotherapy. Such combinati@xpression remains unclear. Some investigations have de-
therapy has proved to be remarkably effective in a numbmonstrated a relationship between P-glycoprotein expres-
of clinical settings. However, the concept is probablgion and chemotherapy resistance [28]. However, studies
simplistic when applied to human malignancy. from our laboratories have shown that although approxi-
The growth of human cancers probably approximatesately 50% of tumors from patients with breast cancer
more closely Gompertzian kinetics [14] (Fig. 1) than thexpress P-glycoprotein, positive immunostaining for this
Skipper-Schabel exponential growth model. In the Gomrmembrane protein has failed to predict anthracycline resis-
pertzian model the tumor-doubling time is not constant astéince [29], at least in first-line treatment for metastatic
is in the exponential model but rather decreases witlisease.
increasing tumor size. This model predicts that proliferation One approach to the problem of drug resistance, based
is more rapid during the preclinical phase of tumor growtlon the Goldie-Coldman hypothesis [16], is the use of
with significant slowing of growth occurring by the timealternating non-cross-resistant combinations. Although

TUMOUR SIZE
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100 different doses of cyclophosphamide, methotrexate, and
% 5-fluorouracil (CMF) in women with metastatic breast
PERCENTAGE 7 FEC cancer, and those of Bastholt and co-workers [2], who
RESPONSE 0 3 CAF investigated four different doses of epirubicin. In both trials
40 % CAF (Low Dose) there was a §!gn|f|pantly higher response rate at higher
20 doses. In addition, in the Bastholt et al. study the time to
, treatment failure was significantly longer when epirubicin
0 066 10 L5 doses of 90-130 mg/were compared to doses of 40-60
D.II mg/e.
Fig. 2 Dose-intensive chemotherapy in breast cancer. CAF = cyclo- In these studies, dose intensity was varied by dose
phosphamide + adriamycin + 5 fluorouracil; FEC = 5 fluorouracil nanjpulation, with the unit dose being given at the same
4'Epiadriamycin + cyclophosphamide treatment interval. An alternative approach would be to

this approach appears to have been successful in Hodgkffi§rease the cycle interval (sometimes termed dose den-
disease, where a major factor may be the very high efficag{y)- Both approaches result in an increased drug dose per
of both the mechlorethamine, vincristine, procarbazine, aHit time ratio, but whether they are equivalent is not clear.
prednisone (MOPP) and the doxorubicin, bleomycin, vin- A récent Cancer and Leukemia Group B (CALGB)
cristine, and dacarbazine (ABVD) combinations [6], thergiudy [33] has attempted to address these issues by compar-
is no other clear indication that alternating therapy is arkyd three treatment schedules of cyclophosphamide, doxo-
more successful than the use of a single, effective treatm&ificin, and S-fluorouracil (CAF) in the adjuvant treatment
schedule. In particular, there is no consistent evidence tRhPreast cancer. Arm | gave the same cumulative total dose
tumors not previously curable by chemotherapy can g& chemotherapy as the standard treatment arm (arm II;

eradicated by the use of conventional-dose, aiternatirg})=1-0), butover 4 months instead of 6 months (DIl = 1.3).
@ 11l gave a total cumulative dose that was half that of

non-cross-resistant chemotherapeutic treatment approac . - )
the other two arms in the standard treatment period of 6

It must also be remembered that the P-glycoprotei . : ;
mediated multidrug resistance (mdr) mechanism is not tR@Nths (DIl = 0.5). The results obtained in arm | were

only mechanism of drug resistance. Other cellular mechatiPerior to those obtained in arm Ill as predicted from a
isms include drug inactivation and DNA repair as well a%roportlonal dose-response relationship. However, as yet
pharmacological and pharmacokinetic effects. Althoudhere is no difference in outcome between arms I and lII.
there is no definitive evidence, both kinetic and cellulaf/nether the small (2/6 = 33%) dose-density increment

resistance mechanisms are probably operative in metast@ffieved will be sufficient to produce a clinically detectable
breast cancer. difference in long-term results requires further follow-up.

RATE

Hematopoietic growth factors and dose-intensive treatment
Clinical studies
The use of hematopoietic growth factors [e.g., granulocyte
Dose intensity and dose density colony-stimulating factor (G-CSF) or granulocyte-macro-
phage colony-stimulating factor (GM-CSF)] has been
When the impact of these kinetic and sensitivity patterns shown to be generally associated with improvement of
the clinical outcome of cancer treatment is considered, ba¥BC nadirs and more rapid hematological recovery fol-
drug-dose and temporal (treatment interval) consideratidoging chemotherapy. The use of these substances has
are relevant. The classic method of calculating dose iresulted in less treatment delay as well as fewer treatment
tensity, developed by Hryniuk and Levine [17], treats athodifications due to more rapid hematological recovery.
individual drug doses and the time factors as having eqilhether the reduction in treatment-related hematopoietic
weight. The dose intensity of a therapy is given by the sutoxicity will result in either a higher response rate or more
of individual drug doses per unit time (drug 1 dose pealurable responses remains to be seen. Using hematopoietic
sqguare meter of body surface area + drug 2 dose per squgm@vth factors, with no other rescue procedure, an increase
meter + drug 3 dose per square meter); the dose-intensitydose intensity of 50-75% can probably be achieved.
index (DII) is obtained using the equati@il = [drug 1 However, dose-escalation studies using dose increments of
dose/rd/cycle interval (veeR] + [drug 2 dose/micycle this magnitude (with or without the use of hematopoietic
intervall] + [drug 3 dose/r®icycle interval. When this growth factors) assess only a small part of the range of the
method is applied (mostly retrospectively) to the analysiptential dose-response curve, the shape and nature of
of various treatment regimens for advanced breast canediich remain to be determined.
(particularly to those including cyclophosphamide and/or
doxorubicin) an approximately linear correlation between
dose intensity and response is observed (Fig. 2). High-dose chemotherapy
Randomized clinical studies that support the concept of
a dose-response effect in breast cancer include the studese increments on the order of 50-75% are insufficient to
of Tannock and co-workers [31], who investigated twanswer the question of the role of HDC in breast cancer.
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Table 1 Ablative and subablative HDC regimens used in the treatmg

of breast cancer

Drugs Schedule Total dose range

Ablative HDC regimens
Cyclophosphamide (C)
Cisplatin (P)
Carmustine (B)
Thiotepa (T)

Divided, 3—4 days
Divided, 3—4 days 165-180 mg/m
Single dose 450-600 mg/m
Single or divided dose,500—800 mg/r&

5.6—7.53/m

3-4 days
Carboplatin (Cb) Single or divided dose,800—1200 mg/ra
3-4 days
Subablative HDC regimehs
C 1.5-1.75 g/rx 4.5-5.25 g/rA
per dayx3
VP16 (E) 12-200 mg/éh 750—-1200 mg/rh
per dayx3
P 40-60 mg/ra 120-150 mg/ra
per dayx3

a Ablative HDC combination regimens include CBP, €B, and
CTCb
b Subablative HDC combination regimens include CEP

Table 2 HDC as consolidation treatment for chemotherapy-responsi
metastatic breast canceeR Estrogen receptofNED no evidence of
diseaseDFS disease-free survivaQSoverall survival)

Patients’ characteristics prior to therapy:

Number of Percentage of study population
patients
ER-nega-Visceral CR/NED Reference
tive metastasesat HDC
39 46 63 38 [18]
24 43 77 33 [19]
45 63 36 24 [32]
29 48 45 34 [1]
58 45 66 34 [10]
42 66 53 25 [20]
Efficacy of HDC therapy:
Treatment- PR-CR Median Median DFS at OS at Refer-
related conver- timeto survival 2 years 2 years ence
mortality  sion treatment time (%) (%)
(%) (%) failure  (months)
(months)
20 36 18 NA 26 - [18]
NA 19 13 22 18 50 [19]
22 46 75 NA 18 35 [32]
3 20 8 NA 25 6 [1]
9 39 9 21 18 40 [10]
6 26 8 21 17 40 [20]

nt Priming dose: cyclophosphamide 2.0 g/m2in 1 L of NS over one hour

| +G-CSF (5-7 days)
Marrow or PSC harvest (10 mL/kg autologous marrow or one PSC harvest)

HDC (started immediately after above procedure)
Cyclophosphamide 2.5 g/m?2 in 1 L of NS over one hour + Mesna uroprotection
(intravenous forced diuresis x 24 h)

Mitoxantrone 35-45 mg/m? in 200 mL of NS over one hour (patients who had
received left chest wall irradiation electively received the 35 mg/m2 dose)
VP16 2.5 g/ m?2 at 500 mg/h
Chemotherapy completed in 6-8 h.
V
Hematopoietic rescue 24-36 h after chemotherapy completion

!

Cycle repeated once on day 42 for a total of two treatment cycles

B)
Conventional-dose chemotherapy
Cyclophosphamide 600 mg/m?
V®litoxantrone 12 mg/m2
Vincristine 1.4 mg/m?2

v

Cycle repeated on day 21 to a total of six cycles

Fig. 3 A High-dose CNVp and conventional-dose CNV treatment
schedules

Neither definition is completely satisfactory since the
first assumes a necessary relationship (not proven) between
hematological toxicity and cytotoxicity against the tumor
under consideration, whereas the second presupposes the
log cell-kill response seen for exponentially growing tu-
mors as discussed above. The definition becomes even
more complex when multiagent HDC regimens are consid-
ered.

While a satisfactory definition of what constitutes HDC
cannot be given, the factors to be taken into account should
probably include the use of a regimen which at conven-
tional doses is at least as effective as any other currently
used treatment regimen and can be used at dasefold
those used in conventional treatment programs. Such doses
would usually result in profound and prolonged hemato-
logical suppression in the absence of hematological support
procedures.

A number of the HDC regimens used in conjunction
with hematopoietic rescue procedures, as compared to other

One problem in this regard is the lack of an adequat®se-intensive therapies that can be given without such
definition of what constitutes true HDC. Two possibléescue, are shown in Table 1. Few of the described regi-
definitions exist. The first relates to hematological toxicitynens are satisfactory as HDC according to the previously
with HDC being arbitrarily defined as treatment that resultiescribed criteria. Frequently the regimen described has

in hematological suppression (e.g., neutrophil.0x 109/

either not been tested adequately at conventional dose

l) persisting for=3 weeks in the absence of hematologicaévels, the combination would not be regarded as consisting

supportive procedures (e.g., bone marrow or periphe
blood stem-cell transplantation). The other definitio
would be to consider doses2- to 3-fold those given in
conventional-dose regimens to be high doses.

rdl the most effective first-line drugs for the treatment of

hreast cancer, or the difference in dose intensity between
the so-called ablative and non-ablative regimens is not
substantial, suggesting that effective, true high-dose regi-
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Table 3 High-dose CNVp in metastatic breast cancer: patient3able 4 Projected and actual dose intensities achieved in a rando-
characteristics mized trial of high-dose CNVp versus CNV as first-line therapy for
metastatic breast-cancer

Characteristic High-dose  Conventional-
CNVp dose CNV High-dose CNVp Conventional-dose
CNV

Age (years) 37.334 38.1+4.1
Number of patients 45 45 Projected Actual (%) Projected Actual (%)
Performance status:

Oorl 39 (87) 39 (87) Number of treatment 2 1.8 6 55

2 6 (13) 6 (13) cycles
Premenopausal/postmenopausal 34/11 (76/24)  32/13 (71/28ycle duration (weeks) 8 11 (mean) 18 20 (mean)
Estrogen receptor status: " K (5

Positive 12 (27) 17 (38) _ Dose/nt per week (%)

: Cyclophosphamide (g) 0.9 0.65 (90.2) 0.2 0.17 (85)
Negative 24 (53) 16 (35) )
Mitoxantrone (mg)  11.25 6.8 (58) 4 3.1 (77.5)

Unknown 9 (20) 26 (58)
Relapsed after primary treatment 29 (64) 30 (67) x_P16_ (@) 0.625 0.4 (65) 6 46 _0 38 (82.6
Prior adjuvant chemotherapy 25 (56) 26 (58) incristine (mg) - - . 38 (82.6)
Presented with stage IV disease 16 (36) 15(33)  a Nine patients received only one cycle of high-dose CNV [five
Visceral and locoregional disease 43 (96) 42 (93) refused the second cycle and four were not given further treatment
Locoregional disease _ 2(4) 3 (7) due to a prolonged 42 days) time to hematologic recovery]
Median disease-free interval in 17 (6-23) 19(7-41) b Inall, 21 patients in the conventional-dose CNV arm received fewer
months (range) than 6 treatment cycles (2 patients received 2; 6 patients, 3; 7 patients,
a Unless otherwise indicated, numbers in parentheses represent ééf"-nd 6 patients, 5 cycles) due to early disease progression in 17 cases
centages nd to refusal in 4 cases _
b Locoregional disease was rapidly developing inflammatory breastProiected dose intensity calculated on the basis of 45 thg/m
cancer

¢ Disease-free interval for patients with localized disease ) ) ) o
metastatic breast cancer with the aim of achieving a CR rate

of >50% in the HDC arm. The rationale for this study

mens need to be developed. The problem is partially dueifgluded evidence that the conventional-dose CNV regimen
the limited number of drugs that can be given at extremdgas effective as any other combination for the treatment of
high doses. Toxicities other than hematopoietic toxicitjietastatic breast cancer [3] and that at least two of the
become dose-limiting when the marrow-suppressive effe€@mponents (cyclophosphamide and mitoxantrone) can be
are circumvented. For example, the cardiac toxicity of trg#ven at doses in the HDC range.
anthracyclines makes these otherwise highly effective drugsWhereas the third component of HD-CNVp, VP16, has
unsuitable for use in true HDC regimens. generally been found not to be effective at conventional

The other problem in assessing the effectiveness of HEloses in breast cancer, it should be noted that this drug is a
is that most studies thus far conducted have been nonrg@mponent of many HDC regimens and that it has pre-
domized and used HDC as a consolidation treatment Vipusly been shown to be effective at high doses in patients
patients who have responded to conventional-dose tre&ith breast cancer refractory to other chemotherapeutic
ment (Table 2). When given in this fashion, HDC foglrugs [4]. Details of the drug administration schedule are
patients with metastatic breast cancer has resulted irsl®wn in Fig. 3.
significant (20-40%) rate of conversion from a clinical In this study, eligibility criteria included an age ef50
partial response (PR) to a CR, with approximately 18—25ygars, histological or cytological proof of recurrent/meta-
of patients being free of disease fe® years. Proponents ofstatic breast cancer, and normal cardiac and renal function.
HDC argue that for the patient population treated, suéntotal of 90 patients (45 in each treatment arm; planned on
results are significantly better than would have been ethe basis of an expected CR rate ©20% in the conven-
pected. Those who are not convinced argue that this igienal-dose arm) were randomized and all were eligible and
selected population by virtue of being chemotherapy-sengpsessable; this number allowed the detection of a 30%
tive. Moreover, due to the nature of the procedure and tiéference in the CR rate. Patients included in the study had
demands of the treatment program, patients entered igtg1e€an age of 37:83.4 years in the conventional-dose arm
high-dose treatment protocols are usually younger and fitetd 38.14.1 years in the high-dose treatment arm. The
than the average patient with metastatic breast cancer. Thigan number of metastatic sites was 1.8 per patient, with
debate can ultimately be resolved only by adequatefp% of patients having visceral metastases. Other prognos-
designed randomized clinical trials. tic factors were equally balanced between the two treatment

Only two randomized clinical trials comparing convenarms; further characteristics of the patients are shown in
tional chemotherapy and HDC for metastatic breast cand@ble 3. The projected and actual dose intensities achieved
have been reported. The first was the study of Bezwoda adi@ shown in Table 4.
co-workers [5] in which high-dose cyclophosphamide, When the results were analyzed the response rate, in
mitoxantrone, and etoposide (VP16; HD-CNVp) was confarticular the CR rate, was significantly higher in the high-
pared to conventional doses of a similar chemotherapeudigse arm than in the conventional-dose treatment arm
regimen consisting of cyclophosphamide, mitoxantron€lable 5), with a significant improvement in disease-free
and vincristine (CNV; Fig. 3) as first-line treatment foFig. 5) and overall survival (Fig. 6) being noted for
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Table 5 High-dose CNVp versus conventional-dose CNV as first-lingchieved a CR with the first cycle and who subsequently
therapy for metastatic breast cancer: response to theRIpyl(ogres- recejved a second cycle of HDC according to the protocol.
sive disease) - . .

These findings seem to provide further evidence for the

High-dose CNVp Conventional-P contention that more than one treatment cycle is required
dose CNV for better treatment results, although the optimal number of
CR: cycles has not been determined.
Firstcycle ~  13/45 (28%) 0/45 (0)  <0.0001 This study has subsequently been criticized on a number
=2 metastatic sites 23/23 (130%) 2/26 ((?%) <0.01 of points. These include a lower than expected CR rate
Total CR 23/45 (51%) 2/45 (4%) <0.001  for the conventional-dose treatment arm, a relatively
PR 20/45 (44%) 22/45 (49%) <0.01 hort durai ; val of pali i th ional
PD 2/45 (4%) 21/45 (47%) short duration of survival of patients in the conventiona

treatment arm, and the use of tamoxifen as maintenance
treatment for responding patients. Although possible con-
founding effects of tamoxifen use cannot be negated at this
patients receiving high-dose treatment. This study thpsint, the other issues can be addressed.

showed a clear benefit of HDC. The achievement of CRs Although the CR rate of 4% found in the conventional-
in the high-dose arm was also clearly the factor associatdose CNV arm was lower than the rate of 23% previously
with prolonged survival. Multivariate analysis (Table 6)eported for this combination, it should be pointed out that
showed that although pretreatment patient determinants liael patient population in both arms of the randomized study
some prognostic influence, these effects were abrogatamhsisted of women with aggressive visceral disease. Ap-
once the treatment schedule has been entered into pheximately one-third of the patients presented with stage
multivariate analysis. Furthermore, the patients who webé¢ disease; the median survival of such patients has pre-
alive and in remission foe=3 years were those who hadviously been shown to be less than 1 year [9]. The median

Fig. 4 Duration of response to
treatment with high-dose CNVp
(M) and conventional-dose CNV
(+) in metastatic breast cancer

Percent Responding

Time (weeks)

Fig. 5 Duration of survival after
treatment with high-dose CNVp
(H) and conventional-dose CNV
(+) in metastatic breast cancer

Percent Surviving

o 20 40 SO 80 100 120 140 160 180

Time (weeks)
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Table 6 High-dose CNVp versus conventional-dose CNV as first-line

Death -» therapy for metastatic breast cancer: multivariate analysis of prognostic
. factors (NS Not significant)
Clinical
disease Factor Relative risk P
3 Number of disease sites 1.7 <0.01
£ Race 1.4 <0.05
z Receptor status 1.2 >0.05<0.1
3 Prior adjuvant chemotherapy 0.98 NS
o .
Chemotherapy regimen 2.1 <0.01
Number of disease sites 1.04 NS
Cure > Receptor status 0.99 NS
i Race 1.03 NS
Time
B Table 7 Potential impact of new strategies together with HDC in
Death -» jf-——-—-=--"“""“"~"—";~~~~~"—+—-——~ o breast cancer
clnical , | T Strategy Effect on DFS at-3 years
disease N 9 // -7 Graft engineering >+5%
g P Decreased cycle interval (Dt-50%) > +12.5%
£ e New drugs (CR%50%) +12.5%
3 AR Immunotherapy ?
=
O
tion of the tumor mass and growth curve may well be
c associated with a growth spurt approximating exponential
ure g

growth. Since it would not be unreasonable to assume a
lower total tumor burden for the patients in this study, the
Fig. 6 Postulated kinetics of tumor regression and regrowth followinkinetic effects may have been somewhat along the lines
A) first-line andB) delayed HDC for metastatic breast cancer (—depicted in Fig. 6.
rT;degtrioggoav"ﬂtgg'};'D'C%ml’gggggﬁ;tt‘:ﬁggioiﬁer HDG; - — —cyto- Both of the studies described above support the greater
effectiveness of HDC as compared to conventional-dose
chemotherapy. However, the different outcomes do not
time from initial diagnosis to clinical metastatic disease fgrove superiority for the induction chemotherapy approach,
the remainder, all of whom had received adjuvant chemehich probably merely reflects the disease bulk at the time
therapy, was<20 months (Table 3), another indicator obf treatment.
aggressive disease. Although the impact of dose-intensive chemotherapy
The other randomized study is that of Peters et al. [2Has definitely been established, a number of issues related
In this study, only patients who achieved a CR following &0 ways of improving the results remain. A theoretical
limited number of chemotherapy cycles (two to four) with @stification for the use of the induction chemotherapy
doxorubicin, 5-fluorouracil, and methotrexate regimeapproach is the question of minimizing contamination by
(AFM) were randomized to receive either immediattumor cells of blood or marrow used for hematopoietic
HDC or observation, with HDC being given as salvageescue. Although G-CSF-stimulated peripheral stem cells
treatment on disease progression. The results showe@P&Cs) probably provide the most effective means of
significantly longer disease-free interval for patients receiltematopoietic reconstitution [13], the hope that these prod-
ing immediate HDC but shorter overall survival for thigicts would be less subject to tumor cell contamination has
group as compared to patients in the delayed-HDC armproved to be unfounded. A recent study by Mariani and
These results are difficult to interpret. Although theolleagues [21] has shown that while peripheral blood
design is based on the classic concept of cytoreductioantamination by tumor cells is less frequent than the
followed by dose intensification, only 98 patients of théinding of such cells in bone marrow, tumor cells are
total of 423 who were treated with the mitogenic chemanobilized in a substantial proportion of patients following
therapy regimen achieved a CR and were randomizedgimwth factor administration. Moreover, the rate of tumor
receive either immediate or delayed HDC. It must beell contamination following three cycles of 5-fluorouracil,
assumed that patients who achieved a CR represent’ &piadriamycin, and cyclophosphamide (FEC) for high-
particularly chemotherapy-sensitive population. Since mizk stage Il (without overt metastatic disease) patients was
further treatment was given until disease progression in thg high as 50% in bone marrow and 27% in mobilized
delayed-chemotherapy arm, it would appear unlikely thBRSCs. These findings suggest that even in patients with a
significant cellular drug resistance had been induced. HDG~ tumor burden, conventional-dose chemotherapy is
as salvage therapy appears to have been highly effectivgpatbably incapable of eradicating contaminating tumor
that point. Probably the best explanation for both resultsdslls and that other strategies will have to be followed to
to be found in a consideration of tumor kinetics. Perturbaeduce this and other potential sources of relapse. Although
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