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Chemotherapy: the more the better? Overview

AbstractmAlthough numerous clinical trials of high-dose
chemotherapy have been performed, few have demon-
strated that such strategies are statistically significantly
better than other forms of therapy. Application of dose-
intensive and/or high-dose chemotherapy should be limited
to drug-sensitive tumors, with primary end points being
increased cure rates or prolonged survival. This should be
confirmed by randomized clinical trials comparing dose-
intensive and/or high-dose chemotherapy with standard
therapeutic modalities.

Key wordsmDose-intensive chemotherapy? High-dose
chemotherapy? Drug resistance

Introduction

The results of the use of conventional cytotoxic therapy to
treat common solid tumors have not improved greatly in
recent years. The main cause of this failure is inherent and
acquired drug resistance, strategies for overcoming which
include the use of non-cross-resistant drugs [10], modula-
tors of drug resistance, and different modalities such as
radiation therapy or surgery; the use of new categories of
anticancer drugs is also a possible strategy. Dose-intensive
and/or high-dose chemotherapy is a complementary strat-
egy for overcoming drug resistance [18–23].

It is well known that reducing the chemotherapy dose
reduces the response rate and does not cure cancer [12].
However, a major question is whether increases in the dose
intensity of chemotherapy will produce significant im-

provements in outcome for patients with common malig-
nancies [46, 51].

Rationale for dose intensification

The rationale for the hypothesis of dose-intensive chemo-
therapy is as follows. Dose-response relationships exist
when drugs are used at doses above the conventional
range, and such relationships are quantitatively sufficient
to produce a substantial increase in response, which im-
proves survival. Chemotherapy can be intensified by (1)
intensifying conventional treatment using hematopoietic
growth factors; (2) giving a restricted number of cycles of
high-dose treatment with peripheral blood stem-cell and
hematopoietic growth factor support; and (3) giving single
very-high-dose chemotherapy with peripheral blood stem-
cell or bone marrow transplantation and hematopoietic
growth factor support. These procedures are usually used
for late intensification or as initial treatment.

End points

Appropriate end points for assessing the benefit of dose-
intensive and high-dose chemotherapy are overall survival
and quality of life. Thus, whether dose-intensive chemo-
therapy can change the goal of treatment from palliation to
cure becomes relevant. If it can, the associated toxicity and/
or cost are acceptable. If it cannot, the optimal dose and/or
dose intensity for optimal palliation should be determined.
The drug-induced toxicity and response rates increase
according to the dose, whereas the improvement in pallia-
tion follows a bell-shaped curve. This suggests that che-
morefractory tumors such as non-small-cell lung cancer
(NSCLC), colon carcinoma, and stomach cancer are not
candidates for dose-intensive chemotherapy.

Another end point of dose-intensive chemotherapy is
tumor shrinkage or response [16]. However, patient selec-
tion and response criteria influence the response rate more
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than do the drugs and doses used. Thus, tumor response is
at best only a surrogate end point for patient benefit.

Dose increment

Another key question addresses how much the dose must be
intensified to obtain meaningful benefit. Within and below
the standard dose range the dose-response relationship is
steep, but it may tend to plateau above the usual range.
Basic data on drug resistance suggest that an increase in
dose on the order of 5- to 10-fold is necessary for a move
into the curative range.

Nonhematological toxicity sometimes prevents neces-
sary drug concentrations from being attained. Figure 1
shows the 50% growth-inhibitory concentrations (IC50

values) determined for cisplatin in various NSCLC cell
lines (cell lines with acquired resistance are not included).
The IC50 values noted for some cell lines was50.1 µg/ml,
whereas that recorded for others was41.0µg/ml, and there
was a$10-fold difference in sensitivity for each cell line
[36]. Table 1 shows the characteristics of cell lines with

acquired resistance to topoisomerase I inhibitors. Relative
resistance values range from 2 to 500. As it is impossible to
achieve an extremely high concentration of topoisomerase I
inhibitors, another strategy is needed to overcome resis-
tance. However, the IC50 values shown for 6 of these 12 cell
lines lie within a 10-fold concentration range. Such
concentrations can be achieved using high-dose chemo-
therapy [43].

Essential clinical trials

What is a meaningful improvement in outcome? If small
but definitive improvements in cure rate are obtained, the
improvement would be considered beneficial, whereas
improvements in response rate and palliation are regarded
as outcomes of lower priority, even if the gain is large.

Clinical trials of dose-intensive chemotherapy can be
classified on the basis of their quality. The highest priority
should be given to repeated, large, randomized, controlled
trials or meta-analyses followed by single, small-scale,
randomized controlled trials; trials using historical controls;
and, finally, case series [41]. In comparisons among pa-
tients treated in different clinical trials, prognostic factors
and/or cancer stage strongly influence the outcome in
addition to dose and/or dose intensity [4].

Patients with favorable prognostic factors such as loca-
lized disease are more suitable for evaluation of the effect
of dose-intensive chemotherapy on survival. The highest
level of evidence should come from large, randomized,
controlled trials in which the only factor varied is the dose
or dose intensity of chemotherapy. Very few studies with
such a design have been completed and controversial
results have been obtained, i.e., some reports show little
improvement and others no effect. However, in the majority
of studies the difference in dose intensity has been very
small.
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Fig. 1mCisplatin IC50 values in various NSCLC cell lines

Table 1mCharacteristics of cell lines with acquired resistance to
topoisomerase I inhibitors (RRRelative resistance,Topo I topoisome-
rase I,CPT-11irinotecan,CPTcamptothecin,NB-506an indolocarba-

zol derivative,CHO Chinese hamster ovary cell,T-ALL T-cell acute
lymphoblastic leukemia,CHL Chinese hamster lung cell,R resistant,S
sensitive,ND not determined)

Cell linea Selecting
agent

Origin RR Topo I
concentration
(µg)

Topo I
sensitivity to
CPT

Gene alteration

PC-7/CPT CPT-11 Human lung cancer 9 0.25 R + Mutation
HAC-2/CPT CPT-11 Human ovarian cancer 9.7 0.5 0.5 –
SBC-3/NB NB-506 Human lung cancer 454 0.1 S –
CPT-K5 CPT-11 Human T-ALL 300 0.3–0.5 R + Mutation
CPT-B CPT CHO 250–300 0.4–0.5 R ND
HT-29/CPT CPT Human colon cancer 7 0.13 S + Deletion
A549/CPT CPT Human lung cancer 2 1.0 ND ND
St-4/CPT CPT CHL 9 0.25 ND ND
DC3F/C10 CPT CHL 134 1.0 R + Mutation
V79 CPT CHL 14 0.25 ND
IRS-1 CPT CHL 2 0.1 S
IRS-2 CPT CHL 34 0.5 R

a PC-7/CPT-11, HAC-2/CPT11, and SBC-3/NB were developed at the National Cancer Center Research Institute



Example

The chemotherapy dose intensity and the percentage of
survival have also been shown to be positively correlated in
a review of a trial of treatment for aggressive lymphoma
[8]. However, the increases in dose intensity achieved in
this trial were52.5-fold enhancements, the analysis was
retrospective and designed for an independent uncontrolled
study, and these conclusions have not subsequently been
supported by the results of large, randomized, controlled
trials.

Randomized controlled trials of dose-intensive chemo-
therapy have been conducted for breast cancer [7, 17, 52,
54]. The trials conducted by Tannock et al. [52], Bastholt et
al. [3], and Wood et al. [54] suggest that the outcome is
better in high-dose groups (Table 2). However, the high-
dose group in these trials did not receive high-dose che-
motherapy and the dose given to the control group was
inappropriately low. In addition, randomized controlled
trials conducted at other institutions have revealed no
association between dose and outcome [3, 4].

The results obtained using dose-intensive chemotherapy
in ovarian cancer are controversial [1, 6, 9, 12, 26, 28–31,
38]. Although the cisplatin dose was almost doubled in the
high-dose group in each of these trials, no significant
difference in complete or objective response rate and
survival was found between the high- and conventional-
dose groups (Table 3).

The situation for dose-intensive chemotherapy in testi-
cular cancer is similar [39, 40, 44] (Table 4). Of three
randomized trials comparing the cisplatin dose, only one
[44] demonstrated a survival benefit for high-dose chemo-
therapy. The study by Ozols et al. [40] showed a marginal
benefit for high-dose chemotherapy, but that reported by
Nichols et al. [39] showed no benefit.

No effect of high-dose chemotherapy on response rate or
survival in small-cell lung cancer has been revealed [13, 14,
16, 25, 27, 33–35, 37, 42, 45, 47, 53] (Table 5). However, in
these studies the patient population was small and the
chemotherapeutic agents used in the majority of cases
were not state-of-the-art compounds [2]. Only one trial
compared high and low doses of cisplatin with etoposide,
but the results did not show any benefit of high-dose
therapy [24]. Only a marginal benefit of dose-intensive
cisplatin, vincristine, doxorubicin, and etoposide (CODE)
therapy over treatment with cyclophosphamide, doxorubi-
cin, and vincristine (CAV) and alternating cisplatin and
etoposide (PVP) was revealed by the Japanese Clinical
Oncology Group [15]. There are limitations to many of
these studies, including excessively small sample sizes that
detect only modest differences, a lack of data on the
received dose intensity, and, often, a lack of survival
data [2].
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Table 2mRandomized clinical
trials of dose-intensive che-
motherapy in breast cancer.
Modified and reproduced with
permission from Takifuji and
Fukuoka [50] (CPA Cyclophos-
phamide,MTX methotrexate,
5FU 5-fluorouracil,ADM doxor-
ubicin, RRrelative risk,TTRtime
to relapse,DFS disease-free sur-
vival)

Drugs
studied

Number of
patients

Dose or dose intensity
(mg/m2)

Outcome (low vs
high dose)

Reference

DPA, MTX, 133 300, 20, 300 vs 600, RR: 11% vs 30% (P = 0.03) [52]
5FU 40, 600

Epirubicin 218 40 vs 60 vs 90 vs 135 RR, TTR: 40 or 605 90 or 135 [3]

CPA, ADM, 1529 150, 15, 300 vs 100, Survival: moderate (P50.001) [54]
5FU 10, 200 vs 75, 7.5,

150
DFS: moderate (P50.004)

Table 3mRandomized clinical trials of dose-intensive chemotherapy in
ovarian cancer. Modified and reproduced with permission from Taki-
fuji and Fukuoka [50] (RRRelative risk,MSTmedian survival time,NS
not significant)

Number of
patients

Dose
intensitya

Total
dosea

Outcome
(low vs high dose)

Reference

50 ×2 ×2 3-year survival:
30% vs 60%

[38]

165 ×2 ×2 MST: low5 high
(P50.0008)

[26]

296 ×2 ×1 RR, MST: NS [6]

458 ×1.97 ×1 RR, MST: NS [31]

a The dose intensity and the total dose of the high-dose therapy in
relation to low-dose therapy are indicated

Table 4mRandomized clinical
trials of dose-intensive che-
motherapy in testicular cancer.
Modified and reproduced with
permission from Takifuji and
Fukuoka [50] (CDDP cisplatin,
VLB vinorelbine,BLM bleomy-
cin, CR complete response rate,
MSTmedian survival time,NRno
response,DFS disease-free sur-
vival, RR relative risk,NSnot
significant)

Drugs studied Number of
patients

Dose or dose
intensity (mg/m2)

Outcome (low vs high
dose)

Reference

CDDP (+VLB
and BLM)

114 19 vs 30/week CR: 43% vs 60% (P = 0.03)
Survival low5 high

[44]

CDDP (+VLB, BLM,
and etoposide)

52 100 vs 200 MST: 30 months vs NR
5-year survival: 48% vs
78% (P = 0.06)

[40]

CDDP (+BLM and
etoposide)

153 100 vs 200 RR, survival: NS [39]



In addition to the problems associated with comparison
of different trials, subjective interpretation of data from the
same trial by different researchers can also create problems.
The resolution of some of these issues awaits the results of
large-scale trials of high-dose intensive chemotherapy with
hematopoietic growth factor support.

Single high-dose therapy with hematopoietic stem-cell

support

If a modest increase in chemotherapy intensity does not
increase the cure rate significantly, it is nonetheless possible
that treatment with 5- to 10-fold the conventional dose
might eliminate residual tumor. This dose can be achieved
with peripheral blood stem-cell transplantation or autolo-
gous bone marrow transplantation with hematopoietic
growth factor support. Such support reduces the duration
of neutropenia to 8–14 days, and mortality is reduced to
1–3%.

Incomplete responders to conventional treatment are
likely to show a further response after high-dose therapy
for germ-cell tumors, small-cell lung cancer, ovarian can-

cer, and lymphoma [48]. In breast cancer, encouraging
results obtained in an uncontrolled phase II study have
indicated that the complete response rate is increased by
high-dose chemotherapy and that the response continues,
although the duration of this response is usually short. The
benefit of this strategy is now the subject of randomized
controlled trials.

For small-cell lung cancer, data obtained in uncontrolled
phase II studies are encouraging, with Elias et al. [11]
reporting a high 2-year survival rate. However, patient
selection is a significant problem in the evaluation of
single-arm phase II studies. Recently, the Japanese Clinical
Oncology Group presented promising data for concurrent
chemotherapy using cisplatin plus etoposide with twice-
daily irradiation [49]; the median survival in their study was
approximately 30 months. Further randomized trials to
evaluate the effect of high-dose chemotherapy should be
initiated to confirm these results. Potential problems asso-
ciated with early phase II studies of high-dose therapy
against small-cell lung cancer have included inadequate
chemotherapy, usually with a single agent and an alkylating
agent, the use of patients with advanced disease and partial
responders, and inappropriate radiation strategies and a lack
of chest or cranial irradiation.
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Table 5mRandomized clinical trials of dose-intensive chemotherapy in
small-cell lung cancer. Modified and reproduced with permission from
Takifuji and Fukuoka M [50] (CCNU Carboplatin,CPA cyclophos-

phamide,MTXmethotrexate,DOXdoxorubicin,VP-16etoposide,VCR
vincristine)

Drug Dose/m2 Arm n Response Mean response Survival
duration

Complete Partial

CCNU 100 ng
CPA 1 g High 23 7 15 10.5 7 alive at 1 year
MTX 15 mg

CCNU 50 mg
CPA 500 mg Low 9 0 4 5.0 1 alive at 1 year
MTX 10 mg

MTX 6 g High 19 4 14 9 2 alive at 18 months

MTX 20 mg Low 21 5 15 9 2 alive at 18 months

DOX 40 mg
VCR 1 mg
CPA 1 g Both groups

VP-16 180 mg×3

PLAT 135 mg High 40 10 24 12 52% at 1 yearVP-16 80 mg×5

PLAT 80 mg Low 43 8 25 11 47% at 1 yearVP-16 80 mg×3

CPA 1.5 g High 52 11 26 10–12 25% at 18 monthsDOX 60 mg

CPA 1 g Low 51 11 20 10–12 20% at 18 monthsDOX 50 mg

CPA 1.2 g High 54 64 14 –DOX 70 mg
Total
45

CPA 750 mg Low 30 55 9 –DOX 50 mg

VCR in both

6

6

6
6

6

6

6

6

6



Adjuvant chemotherapy

Full-dose active chemotherapy is essential during adjuvant
chemotherapy. However, definitive data favoring the use of
hematopoietic growth factor to maintain dose intensity are
not available. This issue should be addressed in randomized
controlled trials.

Pharmacokinetics and pharmacodynamics studies

Whether pharmacology studies should be used as a guide
for high-dose chemotherapy is an important question, with
pharmacokinetics studies being complementary to clinical
studies. Simple measurements of plasma drug concentra-
tions are inadequate, and pharmacodynamic analysis is
crucial [5]. Drug penetration into tumors, the steepness of
the dose-response curve, and the development of drug
resistance should also be considered.

Figure 2 shows the correlation between the pharmaco-
kinetics of 5-fluorouracil and survival and indicates that
patients with higher AUC values survive longer than those
with lower values [32]. This was not a study of high-dose
chemotherapy but rather a retrospective analysis of phar-
macokinetics and outcome. This kind of study is essential in
the evaluation of high-dose chemotherapy. The drug admin-
istration schedule and circadian rhythms are also important
factors in the determination of response. However, even on
an optimal schedule the dose and the dose intensity may
influence the outcome.

Conclusions

Numerous studies on high-dose intensive chemotherapy
have been conducted, but there is nonetheless little evi-
dence to confirm that high-dose intensive chemotherapy is
beneficial. Although this review is generally critical, phy-
sicians and patients need to fight cancer. Therefore, we
wish to stress that high-dose and/or dose-intensive chemo-
therapy can attain a state-of-the-art position only on the
basis of evidence obtained from large, randomized con-
trolled trials.
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