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A B S T R A C T

Aim: To summarise the findings of all randomised trials comparing chemotherapy regi-

mens for metastatic breast cancer that were reported between 2000 and 2007 inclusive.

Methods: We searched the specialised register of clinical trials maintained by the secretar-

iat of the Cochrane Breast Cancer Group (CBCG) from 2000 to 2007, and abstracts from the

American Society of Clinical Oncology (ASCO) annual scientific meeting (2000–2007).

Results: Eighty reports of 63 trials were identified as eligible for this review. Whilst over 30%

of the trials reported a statistically significant difference in response rate or progression

free survival, only 8 trials (13%) reported a difference in overall survival. Thirty percent

reported quality of life data. Very few trials examined the critical clinical questions of dura-

tion and the relative merits of combination versus sequential single agent chemotherapy.

Concluding statement: There is little evidence from trials reported from 2000 to 2007 that

major survival differences exist between many commonly employed chemotherapy regi-

mens.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

For women with metastatic breast cancer, the aims of treat-

ment are to improve quality of life and to prolong survival,

without realistic hope of cure. Using anti-cancer treatments

to control disease-related symptoms and slow progression of

disease, minimising treatment-related toxicity and reducing

the intrusion of the disease and treatment on a patient’s life

are all important components of clinical care. Metastatic

breast cancer is either initially insensitive to endocrine ther-

apy or eventually becomes so, and cytotoxic chemotherapy

thus plays an important role in the treatment of most patients.

Many hundreds of randomised trials have been conducted

comparing different chemotherapy drugs, doses, combina-

tions, durations and sequences in an attempt to improve pa-

tient outcomes. However, because of the quantity and variety
er Ltd. All rights reserved
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of data, drawing conclusions about the best way to use che-

motherapy remains difficult.

The Cochrane Breast Cancer Group has facilitated a series

of meta-analyses of chemotherapy in metastatic breast can-

cer in an attempt to clarify the situation (Table 1).1–6 In terms

of drug classes, only taxanes have been shown to provide an

overall survival advantage when compared to non-taxane-

containing regimens, and this benefit is modest. Time to pro-

gression and response rate also favour taxane-containing reg-

imens. In contrast, no overall survival advantage is seen in

favour of anthracycline or platinum-containing regimens.

Whilst anthracyclines can improve time to progression and

response rate, they are associated with significantly more tox-

icity than non-anthracycline regimens. Platinums are associ-

ated with better response rates, but again at the cost of

significant toxicity.
.
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Table 1 – Summary of Cochrane meta-analyses concerning chemotherapy in metastatic breast cancer

Trial (ref) Overall survival Time to progression Response rate
(higher OR= benefit
for experimental arm)

Toxicity

HR 95% CI, p-value HR 95% CI, p-value OR 95% CI, p-value

Combination versus

single agent (1)

0.88* 0.83–0.94, p = 0.0001 0.78 0.73–0.83, p = 0.00001 1.28 1.15–1.42, p = 0.00001 More toxic

Taxanes (2) 0.93* 0.86–1.00, p = 0.05 0.92 0.85–0.99, p = 0.02 1.34 1.18–1.52, p = 0.00001 Not more toxic

Anthracyclines (3) 0.97 0.91–1.03, p = 0.35 0.84 0.77–0.91, p = ? 1.34 1.21–1.48 p = ? More toxic

Platinums (4) 1.00 0.88–1.15, p = 0.96 1.06 0.95–1.19, p = 0.31 1.47 1.23–1.76, p = 0.0001 More toxic

Adding drugs (5) 0.96 0.87–1.07, p = 0.47 0.93 0.81–1.07, p = 0.31 1.21 1.01–1.44, p = 0.04 More toxic

High-dose

chemotherapy (6)

No diff. RR 2.84

(EFS)

1.07–7.50 More toxic

*Statistically significant, no heterogeneity.

EFS – event free survival.

Cochrane specialised register plus 
separate hand search of ASCO abstracts: 
randomised trials in breast cancer 2000-2007 
2453 reports 

Randomised trials in 
metastatic disease only 
535 reports

Randomised trials of 
chemotherapy in metastatic 
disease only 
180 reports 

Eligible randomised trials 
(chemotherapy in metastatic 
breast cancer where n>150) 
80 reports 
63 trials 

Fig. 1 – Trial selection.
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Other Cochrane reviews have found a modest survival

advantage for combination regimens compared to single

agents but with more toxicity, and that the addition of che-

motherapy drug or drugs to an established regimen or the

use of high-dose chemotherapy with stem-cell support does

not result in better overall survival, although modest

improvements in progression free survival may be seen at

the cost of extra toxicity. Many of these reviews are based

on old trials.

We therefore aimed to identify, review and summarise all

randomised trials published between 2000 and 2007 that com-

pared chemotherapy regimens for metastatic breast cancer

and contained at least 150 patients. We did not attempt a for-

mal meta-analysis on such a heterogeneous collection of tri-

als. We did not examine trials of targeted therapies.

2. Methods

2.1. Criteria for selected studies

We selected randomised controlled trials comparing chemo-

therapy regimens used in women with metastatic breast can-

cer. We excluded trials testing targeted therapies. In order to

exclude small, hypothesis-generating studies, we arbitrarily

limited our selections to trials that had greater than or equal

to 150 patients.

2.2. Search methods

The specialised register maintained by the Secretariat of the

Cochrane Breast Cancer Group (CBCG) was searched. Details

of the search strategy applied by the Group to create the reg-

ister and the procedure used to code references are described

in the Group’s module on the Cochrane Library. In brief, a

comprehensive search is carried out monthly, and trained

coders identify and categorise trials based on predetermined

criteria. The register includes both published and unpub-

lished (including ongoing) trials identified from the searches

of electronic databases including MEDLINE, EMBASE and the

Cochrane Controlled Trials Register, and hand searching of

journals and conference proceedings.

All references that had been assigned the CBCG codes ‘ad-

vanced’ and ‘chemotherapy’ in the specialised register were
compiled, and the abstracts were screened in an attempt to

determine if the reference pertained to a randomised trial

in women with metastatic breast cancer comparing one che-

motherapy regimen with another. The complete article was

obtained for references that were definitely eligible, or where

it was not possible to determine the eligibility based only on

information in the abstract. ASCO abstracts from 2000 to

2007 were also searched using the same criteria for the se-

lected studies. Both authors independently applied the selec-

tion criteria and differences were resolved by discussion (see

Fig. 1).



Table 2 – Main characteristics of randomised controlled
trials testing chemotherapy regimens reported 2000-
2007

Total number of trials (n < 150 excluded) 63

Full publications (2000–2007) 43

Abstracts (2000–2007) 20

Trial size (n < 150 excluded)

Median 305

Interquartile range 218–452

Main research questions

Combination versus combination 20 trials

Combination versus single agent 13

Single agent versus single agent 3

Combination versus

sequential single agent

3

Dose questions

High-dose therapy 3

Dose 4

Dose intensity 2

Dose schedule 3

Drug formulation 9

Duration 3

Statistically significant benefit

In RR 19 (30%)

In PFS 22 (35%)

In OS 8 (13%)

QOL Measured in

19 (30%)
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2.3. Trial characteristics recorded

Each trial was classified as to the nature of the chemotherapy

comparison (combination versus combination, combination

versus single agent, etc.), and number of participants. Re-

sponse rates, progression free survival and overall survival

data were then recorded for each arm of the trial with rele-

vant p-values. Information on drug toxicity and quality of life

measurements was also noted.
Table 3 – Trials with an overall survival benefit (OS, months) (

Author Number of
patients (n)

Arm A Arm

Feher, O 410 Epirubicin Gemci

O’Shaughnessy 511 Docetaxel/capecitabine Doceta

Jassem, J 267 Doxorubicin/paclitaxel FAC

Albain, KS 529 Paclitaxel/gemcitabine Paclita

Bontenbal, M 216 Docetaxel/doxorubicin FAC

Stockler, M 325 Intermittent or continuous

capecitabine

CMF

Jones, S 449 Docetaxel Paclita

Icli, F 201 Oral etoposide/cisplatin Paclita

FAC – 5 fluorouracil/doxorubicin/cyclophophamide.

CMF – cyclophosphamide/methotrexate/5-fluorouracil.

GI – gastrointestinal.

HFS – hand foot syndrome.

FN – febrile neutropaenia.
3. Results

There were 2453 references related to randomised trials in

breast cancer dated 2000–2007 in the specialised Cochrane

database, of which 535 were concerned with metastatic dis-

ease. Of these, 180 were designated as addressing chemother-

apy questions and 80 reports of 63 trials were identified as

eligible for this review (a comparison of chemotherapy regi-

mens with 150 or more randomised patients). Of these, 43

have been published in the peer-reviewed literature and 20

as abstracts only to date (Table 2).

3.1. Efficacy results

Overall, about a third of the trial reports showed a statistically

significant difference in response rate or progression free sur-

vival (30% and 35%, respectively) between arms of the trial,

but only 8 trials (13% of the total) reported an overall survival

benefit. Formal quality of life data were presented or men-

tioned in 30% of reports.

Table 3 lists the 8 trials that reported an overall survival

benefit for one arm of the trial over another, in order of p-va-

lue. The overall survival benefits seen were of a magnitude

that most observers would also deem clinically significant

(unweighted median survival over 8 trials, 18.8 months versus

14.3 months). In 4 of these 8 trials, a combination regimen

was compared with a single agent, and we might expect mod-

est benefits in response rates, progression free survival and

overall survival in this setting,1 although one single agent reg-

imen, capecitabine, was in fact superior to a combination,

CMF. A critical unanswered question for the clinician and pa-

tient is whether the same survival benefit might be seen

when the agents in a polychemotherapy regimen are admin-

istered sequentially, perhaps reducing toxicity.

Tables 4 and 5 list the 10 trials with the highest statistically

significant difference between arms for response rate and

progression free survival, respectively, as measured by p-va-

lue. As expected, there is considerable overlap. Of note, 4 of
p < 0.05); superiority by p-value

B OS A OS B p-Value Toxicity/QOL

tabine 19.1 11.8 0.0004 Toxicity similar

xel 14.5 11.5 0.0126 Arm A more toxic but trend

to less decrease in QOL.

Cost effective

23.3 18.3 0.013 Arm A neutropaenia.

Arm B emesis

xel 18.5 15.8 0.018 Arm A more toxic

22.6 16.2 0.019 Arm A more FN

22.0 18.0 0.02 Capecitabine HFS. CMF FN

xel 15.4 12.7 0.03 Docetaxel more toxic.

QOL same

xel 14.0 9.5 0.039 Toxicity similar



Table 4 – Response Rate (RR,%) – top 10 superiority by p-value

Author n Arm A Arm B RR A RR B p-Value

Vahdat, L 752 Capecitabine plus ixabepilone Capecitabine 35 14 <0.0001

Guan, Z 210 Nab-paclitaxel Paclitaxel 52 27 <0.001

Feher, O 410 Epirubicin Gemcitabine 40 16 <0.001

Gradishar, W 454 Nano-paclitaxel Paclitaxel 33 19 0.001

Verrill, MW 569 Weekly paclitaxel 3 weekly paclitaxel 42 27 0.002

Bontebal, M 216 Docetaxel/doxorubicin FAC 58 37 0.003

Paridaens, R 331 Doxorubicin Paclitaxel 41 25 0.003

O’Shaughnessy, J 511 Docetaxel/capecitabine Docetaxel 42 30 0.006

Harvey, V 527 Docetaxel 100 mg/m2 Docetaxel 75 mg/m2; docetaxel 60mg/m2 36 23; 22 0.007

Nabholtz, J 429 Docetaxel/doxorubicin Doxorubicin/cyclophosphamide 59 47 0.009

Table 5 – Progression Free Survival (PFS, months) – top 10 superiority by p-value

Author n Arm A Arm B PFS A PFS B p-Value

Alba, E 154 Liposomal doxorubicin Nil 16.0 10.0 0.0001

Feher, O 410 Epirubicin Gemcitabine 6.1 3.4 0.0001

O’Shaughnessy, J 511 Docetaxel/capecitabine Docetaxel 6.1 4.2 0.0001

Vahdat, LT 752 Capecitabine plus ixabepilone Capecitabine 5.8 4.2 0.0003

Seidman, AD 585 Weekly paclitaxel 3 weekly paclitaxel 9.0 5.0 0.0008

Paridaens, R 331 Doxorubicin Paclitaxel 7.5 3.9 0.001

Jones, S 449 Docetaxel Paclitaxel 5.7 3.6 0.001

Martin, M 252 Vinorelbine/gemcitabine Gemcitabine 6.0 4.0 0.0028

Icli, F 201 Oral etoposide/cisplatin Paclitaxel 5.5 3.9 0.003

Bontenbal, M 216 Docetaxel/doxorubicin FAC 8.0 6.6 0.004
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the 10 trials with highly significant response rate differences

are comparisons of different formulations, doses or schedules

of the same drug, suggesting that there is still something to

learn about how we use established drugs, even as we begin

to assess new ones. Of those trials that reported the greatest

statistical difference in progression free survival, 4 of the 10

compared a combination regimen with a single agent. A list

of all the trials, sorted by category of trial question, is shown

in Table 6.

3.2. Abstracts versus full publications

Although one might expect a distinction between the number

of positive findings in the abstracts as opposed to full manu-

scripts (positive findings in the abstracts being rushed into

press, thus contributing to publication bias), there was no

strong evidence of this. Whilst more full manuscripts re-

ported statistically significant differences in the progression

free survival (51%) than did abstracts (24%), there were no dif-

ferences in the proportion of trial reports with significant re-

sponse rate or overall survival differences (data not shown).

Quality of life data were reported slightly more frequently in

full manuscripts (32%) than in abstracts (19%), perhaps

reflecting the greater time and writing space constraints on

the latter.

4. Discussion

Whilst active and safe doses and combinations of drugs can

be reasonably well established in small phase 2 studies,

establishing the relative merits of such regimens requires lar-

ger randomised studies. Yet there is little evidence from trials
reported from 2000 to 2007 that major differences exist be-

tween many commonly employed chemotherapy regimens.

Meanwhile, major uncertainty exists about the appropriate

duration of therapy in what is an incurable disease and about

the relative merits of using a number of cytotoxics together in

multi-agent regimens compared with employing single

agents sequentially.

However, few studies examined these two important clin-

ical questions (Tables 2 and 6). Three trials (Alba 10, Gennari

27, Nooij 53) compared a longer duration with a shorter dura-

tion of chemotherapy and did not find survival differences. A

meta-analysis of this important question (including a number

of earlier trials) is currently being conducted.7

Additionally, whilst we classified 13 trials as being ‘combi-

nation versus single agent’ trials, only 3 trials specifically com-

pared a combination regimen with the sequential use of the

component agents (Conte 21, Sledge 61, Soto 62). Overall sur-

vival differences were not seen. The design of both the Sledge

and Soto studies conformed to a standard of clinical practice –

that is, patients in the sequential arm were treated with a sin-

gle agent until progression or drug-specific toxicity, then

switched to the alternative agent if fit for further chemother-

apy. The Conte trial design differed in that patients in the

sequential arm were treated for a fixed four cycles then

switched to the alternative single agent for another fixed four

cycles.

Whilst most of the focus of randomised clinical trials in

advanced disease is on the conventional endpoints of tumour

response, progression free and overall survival, one of the

major motivations for treating our patients with chemother-

apy is to improve (or prevent decline in) quality of life. Yet,

only 30% (19/63) of the randomised controlled trials reviewed



Table 6 – Summary of randomised controlled trials 2000–2007, comparing chemotherapy regimens in metastatic breast
cancer

LOQSOSFPRRseirogetaCnyparehtomehCP/ArohtuA
eulav peulav peulav pCBA

Nx10.0  o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc

o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc
o versus combobmoc

623DNL -/+MECEFPP ,inicaP
N71.072.01.0381cap/ipecap neht ipe DDPsaliztnuoF
N310.0430.0230.0762CAFcap/xodPJ ,messaJ
N32.04600.010.0064)VI( FMCFECAS ,dnalkcA
N72.097.0410.0182niv/xotimCEF ro CAFPM ,remaN

Koroleva, I P doc 60/dox 60 doc then dox doc 75/50 193 combo vs combo x x x N
Nx980.0x065olcyc/ipecap/ipePH ,kcuL
Y94.056.015.0572olcyc/xodcap/xodPL ,iloznagiB
YSN410.0900.0924olcyc/xodxod/codPJ ,ztlohbaN
YSNSN320.0202cap neht ipecap/ipePP ,etnoC
Y52.040.023.0723obrac/capcap/ipePsaliztnuoF
N910.0400.0300.0612CAFxod/codPM ,labnetnoB
Nxxx351cod/epaccod/megPC ,yveL
N8.014.0510.0507olcyc/ipecap/ipePR ,yelgnaL
Yx1700.0x463FMCFMBPG ,ztiwkcniM nov
Nxx17.0522ipe/codxod/codACR ,dranoeL
Nxemasx484CAFCATARJ ,yekcaM
Nxx11.0281olcyc/ipecod/ipeAJ ,remholB
Yx2.09.0503meg/codepac/codAS ,nahC
NSNxx043cap/ipecap/epacAH ,kceuL

Y83.0=p100.0<p300.0single versus single
single versus single
single versus single

133capxodPR ,sneadiraP
Y30.0100.0<1.0944capcodPS ,senoJ
N4000.01000.0100.0<014megipePO ,reheF

Takayama, T P oral FU/cyclo oral cyclo oral FU 181 combo vs single 0.019 0.014 0.6808 N
N14.0540.0SNcombo versus single

combo versus single
combo versus single
combo versus single

combo versus single
combo versus single
combo versus single
combo versus single
combo versus single
combo versus single

551ipesic/ipePD ,nesleiN
Berruti, A P LND arm non-LND arm 371 combo vs single 0.08 0.47 x N

Y7.02.0SN062xotimCEFPE ,nnamedieH
Y6210.01000.0600.0115codepac/codPJ ,yssenhguahS'O
N5.0910.051.0783ipeniv/ipePB ,nestrelijE

Zielinski, C P GET FEC FEC 90 259 combo vs single 0.093 0.557 x N
N930.0300.0830.0102capsic/pote laroPF ,ilcI
Nxxdesolc yduts503EPPD + xodxodAL ,onyeR
Y810.0xx925capmeg/capASK ,niablA
N6408.08200.0390.0252nivmeg/nivPM ,nitraM
Nx3000.01000.0<257epacbaxi + epacATL ,tadhaV
NSNSNx144olcyc/xodcod-olcyc/codcodAN ,atamustaK

Sledge, G P dox/pac dox pac 739 combo vs sequential BC 0.007;AC 0.004 AB 0.003;AC 0.009 NS Y
Soto, C A cape/doc cape/pac cape->taxane 368 combo vs sequential x x x N

YSNSNSNcombo versus sequential202cap>-ipecap/ipePFP ,etnoC

NTDH912TSCDHAM ,pmurC
YxTDH355TCSCDHFMCPreuamtdatS
N4.060.084.0TDH781elgnis TDHmednat TDHPN ,regorK
N94.0x60.0esod714tpr 001 CEF57 CEF05/001 CEFP0002 .nonA
Y3.050.0SNesod474571 cap012 cap052 capPE ,reniW
N71.0410.0700.0esod72506 cod57 cod001 codPV ,yevraH
Nxxxesod012571cap/meg001cap/megcod/megPK ,oohK
NSNSNSNytisnetni esod44208 cap571 cap051 capAW ,vokiS
Yxx3.0ytisnetni esod532esnetni olcyc/ipeolcyc/ipeAS ,dnalkcA
Nx60.0200.0eludehcs esod965cap ylkeew 3cap ylkeewAWM ,llirreV

Stockler, M A inter cape (IC) cont cape (CC) CMF 325 dose schedule 0.8 0.2 0.02 Y
N71.08000.0710.0eludehcs esod585cap ylkeew 3cap ylkeewADA ,namdieS

NSNnoitalumrof gurd792olcyc/xodolcyc/xod opilPG ,tsitaB
N90.0xxnoitalumrof gurd422xodxod opilPL ,sirraH
NSNSNxnoitalumrof gurd905xodxod opilPM ,neirB'O
N17.011.0xnoitalumrof gurd103lbniv/CMMnivxod opilPA ,relleK
N405.020.024.0noitalumrof gurd061olcyc/ipeolcyc/cod opilPS ,nahC
Nnoitalumrof gurd905xodxod opilAN ,relgiW
N600.0100.0noitalumrof gurd454capcap onanPW ,rahsidarG

Gradishar, W* A nab-pac w150 nab-pac w100 doc 3w100 302 drug formulation D vs A or B <0.001 x x N
Nx30.0100.0<noitalumrof gurd012capcap-banAZ ,nauG

Y745.0718.0xnoitarud552linecnanetniam capPA ,iranneG
N1000.0xnoitarud451linxod opilPE ,ablA
Y77.0110.0xnoitarud402.tnoc-FMCpots-FMCPM ,jiooN

o versus combobmoc

combo versus single

combo versus single

combo versus single

combo versus sequential
combo versus sequential

x- no data available
*arm D= nab-pac 3w/300
A= abstract, P= published, combo= combination, single= single agent chemotherapy, HDT= high dose chemotherapy with stem cell support.
Trials showing a statistically significant overall survival benefit.
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reported formal quality of life measures in their abstracts. A

number of factors make collecting and analysing quality of

life data difficult, especially during the treatment of meta-

static disease but clearly we need to know more about the

subjective effects of currently used chemotherapy regimens

on our patients.

We have conducted a broad overview of chemotherapy tri-

als in metastatic breast cancer. All peer-reviewed publications

as well as ASCO abstracts have been identified up to the end of

2007, but some presentations from other meetings may have

been missed. We excluded trials of targeted treatment, which

may in time change how we use chemotherapy in women with
metastatic breast cancer. A meta-analysis was not feasible be-

cause of the variation between clinical trials and the missing

data in many trials. Also, our aim was to provide a more

descriptive, practical summary of the most recent clinical tri-

als to help guide medical oncologists in their current clinical

practice and also raise future important research questions.

This summary of randomised controlled trials of chemo-

therapy for metastatic breast cancer between 2000 and 2007

helps clarify where future research efforts should be directed.

We believe there are three main areas of need: (1) the optimal

duration of chemotherapy, (2) the merits of sequential single

agent chemotherapy compared to polychemotherapy
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regimens and (3) the need to routinely report quality of life

using standardised methodology. The ultimate goals in the

management of women with metastatic breast cancer need

always to be borne in mind when future clinical trials are

designed.
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