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                    Background:    Aromatase inhibitors and inactivators have 
been extensively tested in patients with advanced breast can-
cer, but it is unclear whether they offer any survival benefi ts 
compared with standard hormonal treatment with tamoxifen 
or progestagens. We performed a meta-analysis of random-
ized controlled trials that compared several generations of 
aromatase inhibitors and inactivators with standard hor-
monal treatment in patients with advanced breast cancer. 
   Methods:    The endpoint that we assessed was survival. Trials 
were located through searches of PubMed and Cochrane 
Library (last update March 2006). Relative hazards (RHs) 
were summarized across trials through fi xed- and random-
effects analyses, and heterogeneity was assessed with the   Q   
and   I    2   statistics. All statistical tests were two-sided.    Results:    
Twenty-fi ve different comparisons, with a total of 8504 
patients, were included in the meta-analysis. We found statis-
tically signifi cant survival benefi ts with third-generation aro-
matase inhibitors and inactivators (vorozole, letrozole, 
examestane, and anastrazole) (RH = 0.87, 95% confi dence 
interval [CI] = 0.82 to 0.93;   P  <.001) but not with fi rst-generation 
(aminoglutethimide) or second-generation (formestane and 
fadrozole) agents. The difference in the summary effects 
between these two groups of trials was statistically signifi cant 
(  P   = .04). The survival benefi t with third-generation agents in 
fi rst-line trials, in which these agents were compared with 
tamoxifen (11% RH reduction, 95% CI = 1% to 19%;   P   = .03), 
was identical to their benefi t in second- and subsequent-
  line trials in which these agents were compared with other 
treatments (14% RH reduction, 95% CI = 6% to 21%; 
  P  <.001).    Conclusions:    Inhibition of the aromatase system, 
in particular with third-generation aromatase inhibitors and 
inactivators, appears to be associated with statistically sig-
nifi cant improved survival of patients with advanced breast 
cancer compared with standard hormonal treatments.  
 [J Natl Cancer Inst 2006;98: 1285  –  91 ]   

  Breast cancer is the most common cancer in women  ( 1 ) . Al-
though most major advances have occurred in the treatment of 
early-stage disease, effective systemic therapies (chemotherapy 
or hormone therapy) would have even more impact if they could 
also prolong the life of patients with advanced breast cancer 
 ( 2 ).  Several regimens have been tested to identify treatments 
that may improve survival of patients with advanced breast 
cancer. Tamoxifen and several progestagen compounds with 
antiestrogenic action (e.g., medroxyprogesterone acetate and 
megestrol acetate) have been extensively used for fi rst- and 
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 second-line treatments, respectively, of such patients. Aromatase 
inhibitors and inactivators, which have documented benefi ts in 
early-stage disease  ( 3 ) , are also being used to treat patients 
with advanced breast cancer, but their effectiveness in these 
 patients has been more controversial. Thirty randomized con-
trolled trials have compared aromatase inhibitors with standard 
hormonal therapy in patients with advanced breast cancer 
 ( 4  –  30 ) , but it is unclear whether these agents offer a survival 
benefi t. A recent meta-analysis suggested that, as second-line 
therapy, these agents have similar outcomes to progestagen 
agents in terms of disease progression or overall response rates 
 ( 31 ).  However, giving priority to the use of these agents would 
be contentious unless a clear survival benefi t can be docu-
mented. Moreover, different aromatase inhibitors and inactiva-
tors may have dif ferent survival effects. Various agents of this 
class have been developed over the last three decades that 
belong to different generations of drug development with dif-
ferent pharmacologic profi les. These differences refl ect various 
chemical structures and pharmacodynamics and may also be 
clinically relevant. 

 To address whether aromatase inhibitors and inactivators 
of different generations offer survival benefi ts, we performed 
a meta-analysis of randomized trials among patients with ad-
vanced breast cancer, in which aromatase inhibitors or inactiva-
tors were compared with the standard hormonal treatments 
in a fi rst-line or second-line (or subsequent-line) setting. We 
identifi ed and systematically organized the cumulative evidence 
from randomized studies of the impact of systemic therapies 
on survival of patients with advanced breast cancer. We also 
evaluated whether specifi c aromatase inhibitors had superior 
effi cacy to standard hormonal therapy and whether the benefi ts, 
if present, extended over the fi rst-line treatment and subsequent 
lines of treatment, regardless of the hormonal therapy used as 
comparator. 
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  M ATERIALS AND METHODS  

  Identifi cation of Randomized Studies 

 We searched the Cochrane Central Trials Registry and PubMed 
without year and language restriction. The last search was up-
dated in March 2006. We used the searching algorithm (breast 
OR mammary) AND (cancer OR carcinoma OR neopl*) AND 
(aromatase OR aromatase inhibitors OR AIs OR aminoglutethi-
mide OR formestane OR fadrozole OR anastrazole OR letrozole 
OR exemestane OR vorozole) AND (clinical trial OR random-
ized controlled trial OR double-blind OR single-blind OR single-
blind OR random OR randomized OR placebo).  

  Eligibility Criteria 

 We considered all randomized controlled trials to be eligible 
that compared an aromatase inhibitor or inactivator with tamox-
ifen or progestagens (such as medroxyprogesterone acetate, 
megestrol acetate, or fl uoxymesterone) in patients with advanced 
breast cancer (i.e., metastatic and inoperable locally advanced or 
recurrent breast adenocarcinoma) in any line of treatment (fi rst 
[front] line or second or subsequent line [in patients who had 
received such hormonal therapy in the past]). Trials were eligi-
ble regardless of the doses and schedules used for the regimens 
compared. 

 We excluded trials in which the randomization was limited to 
earlier stages of the disease (patients with less than stage IV dis-
ease) and trials that compared regimens in breast malignancies of 
histologic type other than adenocarcinoma (e.g., infl ammatory 
breast cancer or sarcoma). We also excluded meeting abstracts 
(because they had not undergone full peer review and should be 
considered as preliminary reports open to modifi cation), single-
arm studies, dose-escalation studies, and nonrandomized and 
pseudorandomized trials (e.g., those with alternate allocation of 
subjects). 

 Trials that used other concomitant anticancer treatments (e.g., 
surgery, radiotherapy, or radioisotopic treatment) were eligible if 
these treatments did not differ systematically between the inves-
tigated arms. Trials in which the compared arms differed system-
atically in the use of these additional disease-related treatments 
were, however, excluded because the differences in survival 
could not necessarily be attributed to the comparison of aroma-
tase inhibitor treatment with standard hormonal treatment. 

 Whenever multiple reports pertained to overlapping groups of 
patients, we retained only the report with longest follow-up (larg-
est number of events) for the meta-analysis calculations to avoid 
duplication of information. Data from interim analyses were eli-
gible if no further fi nal data were available.  

  Data Extraction and Outcomes 

 From each eligible trial, we recorded the following items for 
both arms: authors’ names; journal and year of publication; coun-
try of origin; years of patient enrollment; number of centers in-
volved; number of patients randomly assigned and analyzed per 
arm, age, tumor stage, and menopausal status; hormonal receptor 
status; the exact regimens used and their dose and schedule; the 
line of treatment; and any additional treatments given to both 
arms. We recorded study design items, including whether there 
was a description of the mode of randomization, allocation con-

cealment, the number of withdrawals per arm, and blinding  ( 32 )  
and whether any planned or unplanned interim analyses had been 
performed  ( 33 ) . We also recorded the median survival by arm 
and whether any statistically signifi cant difference had been de-
tected between the compared arms at a  P  value of .05.  

  Statistical Analysis 

 We determined and combined relative hazards (RHs) of mor-
tality for the comparison of aromatase inhibitors or inactivators 
against standard hormonal treatment across the eligible studies. 
The natural logarithms of the relative hazards were combined by 
use of general variance models that weighed each study by the in-
verse of its variance  ( 34 ) . We assessed the statistical signifi cance 
of between-study heterogeneity with the chi-square – based  Q  sta-
tistic (considered statistically signifi cant for  P <.10) and used the 
 I  2  statistic to examine the extent of between-study heterogeneity 
(considered large for  I  2  values of 50% – 74% and very large for 
 I  2  values of 75% and higher)  ( 35 ) . Data were combined with both 
fi xed- and random-effects models. In the absence of between-study 
heterogeneity, the two models give identical results. With between-
study heterogeneity, the random effects tend to give wider confi -
dence intervals (CIs) because they also incorporate a between-study 
variance in the within-study variance of each study. 

 We used estimates of relative hazard derived from Cox pro-
portional hazards models, whenever these values were reported 
in analyses of the individual-level data done by the primary in-
vestigators. The standard deviation of logarithms of the relative 
hazard was estimated as the difference of the upper minus the 
lower 95% confi dence interval divided by 3.92. The variance was 
then estimated as the square of the standard error. Whenever rela-
tive hazard estimates from Cox models were not provided, we 
estimated the logarithms of the relative hazard and its variance 
from presented information with the  P  value from the log-rank 
test and events by patients, by arm, and/or by median survival by 
arm. When the number of events per arm ( E  1  and  E  2 ) was pro-
vided, we calculated the variance of the logarithm of the relative 
hazard by the sum of 1/ E  1  and 1/ E  2   ( 36 ) ; we then calculated the 
logarithm of the relative hazard, so that its  P  value would be the 
same as the  P  value from the log-rank test. If the  P  value from a 
log-rank test was not available, we calculated the relative hazard 
as the inverse of the ratio of the two median survival times by 
assuming exponential survival curves and proportional hazards. 

 We considered trials in which two arms with different doses of 
aromatase inhibitor were compared with a third arm of an anties-
trogen agent as including two comparisons, unless the investiga-
tors only presented data merging the two aromatase inhibitor 
arms. The same strategy was applied when investigators pre-
sented results from two similar trials in the same report. 

 We analyzed data separately according to the generation of the 
agent (fi rst-generation [aminoglutethimide] and second-generation 
[formestane and fadrozole] inhibitors and inactivators versus 
third-generation inhibitors and inactivators [vorozole, letrozole, 
examestane, and anastrazole]) because typically third-generation 
agents are currently used. We then performed subgroup analyses 
according to type of comparison (tamoxifen versus other) and 
line of treatment (fi rst versus second or subsequent line). These 
two subgroup analyses are identical because tamoxifen was al-
ways the agent used for comparison in fi rst-line treatment trials 
and progestagens were always the agents used for comparisons in 
subsequent-line trials. 
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 We evaluated whether summary effect sizes changed over time 
in cumulative meta-analysis and recursive cumulative meta-
 analysis  ( 37 )  and whether there was any evidence that the results 
of studies with more precision differed from those of studies with 
less precision  ( 38 ) . Finally, we examined the quality characteris-
tics of the combined trials and investigated whether any studies 
with statistically signifi cant results had been stopped early as part 
of planned or unplanned interim analyses  ( 33 )  and whether there 
was any evidence for time-dependent survival differences in any 
trials. In sensitivity analyses, we excluded such trials from the cal-
culations. Analyses were performed with SPSS version 13.0 (SPSS 
Inc, Chicago, IL) and with Comprehensive Meta-Analysis version 
2 (Biostat, Englewood, NJ). All statistical tests were two-sided.   

  R ESULTS  

  Eligible Trials 

 We identifi ed 30 different trials that were potentially eligible 
for our study ( Fig. 1 ). Of these 30 trials, seven with a total of 
1005 patients did not address survival because they were typi-
cally phase I/II or II trials that had not collected survival informa-
tion. Thus, the meta-analysis included a total of 23 eligible trials 
and 8504 patients  ( 4  –  24 ) , of whom 4559 had been randomly as-
signed to receive aromatase inhibitors or inactivators and 3945 
had been assigned to receive standard hormonal treatments. Of 
these 23 trials, two had been jointly analyzed, and we used data 
from the combined analysis that were stratifi ed by trial  ( 10 ) . The 
designs of another three trials included three randomized arms, 
each with two doses of aromatase inhibitor, compared with an 
antiestrogen agent, and these trials were analyzed as two com-
parisons per trial  ( 21  –  23 ).  A total of 25 comparisons were thus 
evaluated in this meta-analysis.      

  Trial Characteristics 

  Table 1  shows the key characteristics of the 23 included trials 
(25 comparisons). In all, we included six comparisons of the fi rst-
generation aromatase inhibitor aminoglutethimide, seven com-
parisons of second-generation inhibitors or inactivators (fadrozole 
or formestane), and 12 comparisons of third-generation inhibitors 
(anastrozole, letrozole, or vorozole) or inactivators (exemestane). 
Nine comparisons, all of which pertained to fi rst-line treatment, 
used tamoxifen as the comparator, whereas the other 16 compari-
sons involved second- or even third-line treatment with progesta-
gens (i.e., megestrol acetate or medroxyprogesterone acetate). 
One male patient was included in one early trial  ( 4 ) , and a small 
number of perimenopausal women were included in some trials; 
otherwise, all trials included exclusively postmenopausal women 
( Table 1 ). The median age was between 57 and 68 years across 
treatment arms. Hormone receptor status had been ascertained 
to various degrees across trials, but documented hormone recep-
tor – negative cases were typically rare ( Table 1 ). Data on cross-
over to the alternative treatment arm were not always available, 
but crossover seemed to be substantial in some trials ( Table 1 ).      

  Design and Quality Characteristics 

 Eleven trials were double blind  ( 9 , 10 , 17 , 18 , 21  –  24 ) , 16 de-
scribed in detail the mode of randomization  ( 6 , 9  –  11 , 14 , 17 , 18 ,
 20 , 21 , 23 , 24 , 28 , 29 ) , 15 described some method for ensuring 

 allo cation concealment  ( 6 , 9 , 10 , 14 , 17 , 18 , 20 , 21 , 23 , 24 , 28 , 29 ) , and 
18 described withdrawals in suffi cient detail  ( 5  –  9 , 13  –  20 , 25  –  29 ) . 
No trials were stopped early because of statistically signifi cant 
survival differences in an interim analysis.  

  Meta-analysis 

 Meta-analysis according to generation of aromatase inhibitor 
( Table 2  and  Fig. 2 ) found that only third-generation aromatase 
inhibitors and inactivators (RH = 0.87, 95% CI = 0.82 to 0.93; 
 P <.001) were statistically signifi cantly associated with increased 
survival compared with standard hormone therapy. There was no 
evidence of any increased survival with aminoglutethimide and 
second-generation agents (RH = 0.98, 95% CI = 0.90 to 1.07). 
The difference in the summary effects between these two groups 
of trials was statistically signifi cant ( P  = .04). A combination of 
the data across all 25 available comparisons also provided a sta-
tistically signifi cant summary effect for mortality (RH = 0.91, 
95% CI = 0.86 to 0.96;  P  = .001). There was no statistically sig-
nifi cant between-study heterogeneity when all studies were con-
sidered ( Q  = 22.8 with 24 df), possibly because of the relatively 
wide confi dence intervals of single trials.          

  Treatment Line 

 The survival benefi t for third-generation agents was practi-
cally identical in both fi rst-line trials, in which the comparator 
was tamoxifen (11% RH reduction, 95% CI = 1% to 19%;  P  = 
.03), and second-line (or subsequent-line) trials, in which proge-
stagen comparators were used (14% RH reduction, 95% CI = 6% 
to 21%;  P <.001). There was no between-study heterogeneity in 
either of these two subgroups. There was no statistically signifi -
cant benefi t observed with fi rst- or second-generation agents 
(RH = 0.97 and 0.99, respectively, for fi rst-line and second-line 
[or subsequent-line] trials) ( Table 2 ).  

  Fig. 1.     Screened, excluded, and included articles and studies in the meta-analysis.    

1169 potentially relevant reports
identified and screened for retrieval from
electronic search
890 PubMed
309 Cochrane Library

87 reports retrieved 

1082 reports excluded on basis of title
and abstract 

30 eligible trials (23 with survival data
included in the meta-analysis)

58   reports excluded  upon full text
       search
       (irrelevant comparisons n=4
       meeting abstract n=14
       overlapping reports n=40) 

1 study retrieved from cross-searching
of references
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  Bias Diagnostics 

 In cumulative meta-analysis of all trials, no statistically sig-
nifi cant effect on survival was found in the trials published 
through 1997. A nominally statistically signifi cant effect was de-
tected in trials published through the end of 1998 (summary RH = 
0.93, 95% CI = 0.86 to 1.00;  P  = .047); this effect was temporar-
ily lost by the end of 1999 (summary RH = 0.94, 95% CI = 0.88 
to 1.00;  P  = .054) and reappeared in 2000 with the publication of 
an exemestane trial  ( 24 ) . The relative hazard has continued to 
remain in the range of 0.91 – 0.92 and to be statistically signifi cant 
through 2006. This pattern is consistent with the later introdu-
ction of third-generation agents in clinical trials. There was no 
major change in the magnitude of the effect when cumulative 
meta-analyses were performed separately by generation of 
 aromatase inhibitor. 

 There was no evidence that less precise or smaller trials gave 
different results from more precise or larger trials. This lack of 
signifi cant difference between less and more precise trials was 
true across all trials (tau = 0.18 and  P  = .21) and when limited to 
trials of third-generation aromatase inhibitors and exemestane 
(tau =  − 0.26 and  P  = .24). 

 Four of the 25 comparisons showed statistically signifi cant 
results on their own (three with third-generation aromatase in-
hibitors and one with exemestane). None of the trials with statis-
tically signifi cant differences had been stopped early in an interim 
analysis. Finally, one trial  ( 9 )  suggested that the difference be-
tween the two compared arms varied according to the duration of 
follow-up: a survival benefi t was seen between 6 and 20 months 
of follow-up but not over the total trial duration. No formal test 
of time dependence was performed in that trial. When we ex-
cluded this trial from our analysis, the summary relative hazard 
was unchanged.   

  D ISCUSSION  

 This meta-analysis showed that treatment with aromatase in-
hibitors and inactivators, in particular the newer third-generation 
agents, is associated with increased survival among patients 
with advanced breast cancer. This association was apparent in 

the fi rst-, second-, and subsequent-line treatment settings. 
Tamoxifen and progestagens have been the agents used in stan-
dard hormonal treatment of advanced breast cancer in the fi rst- 
and second-line settings, respectively  ( 39 ) , even though 
aromatase inhibitors and inactivators are already widely used in 
the Western world. Our fi ndings may challenge this standard of 
care, not only for second-line treatment — in which aromatase 
inhibitors are increasingly accepted on an equal or better stand-
ing than progestagens  ( 31 )  — but also for fi rst-line treatment, in 
which tamoxifen has largely remained the fi rst choice to date. It 
is common practice for patients with hormone receptor – positive 
advanced breast cancer to receive both tamoxifen and an aroma-
tase inhibitor, typically in sequence. Our results indicate that 

  Table 2.       Summary estimates and subgroup analyses *   

Data No. of comparisons RH (95% CI)  Q  I  2 , %

Generation
    First 6 0.96 (0.84 to 1.09) 2.0 0
    Second 7 1.00 (0.89 to 1.13) 2.5 0
    Third 12 0.87 (0.82 to 0.93) 13.8 20
    All 25 0.91 (0.86 to 0.96) 22.8 0
Line/comparator
    First/tamoxifen
        First/second 5 0.97 (0.84 to 1.13) 0.9 0
        Third 4 0.89 (0.80 to 0.99) 5.8 48
        All 9 0.92 (0.84 to 1.00) 7.5 0
 Other/progestagen
     First/second 8 0.99 (0.89 to 1.10) 3.7 0
     Third 8 0.86 (0.79 to 0.94) 7.7 9
     All 16 0.91 (0.85 to 0.97) 15.2 1

  *  RH = relative hazard; CI = confi dence interval. Data were from fi xed-effects 
calculations and are identical to random effects calculations except for minor dif-
ferences for the third-generation compounds in the overall analysis (RH = 0.87, 
95% CI = 0.81 to 0.94) and for fi rst-line treatment (RH = 0.86, 95% CI = 0.73 to 
1.02). No estimate of between-study heterogeneity was statistically signifi cant.  

  Fig. 2.     Meta-analysis of survival for the comparison between aromatase inhibitors 
or inactivators and standard hormonal therapy.  Upper ) First- and second-
generation agents.  Lower ) Third-generation agents. Each trial is identifi ed by 
the name of the tested aromatase inhibitor or inactivator and the name of the 
fi rst author or trial/protocol name/abbreviation. The point estimate for the relative 
hazard and its 95% confi dence interval (CI) are indicated as a circle and whiskers, 
respectively. Also shown is the summary estimate and its 95% CI (results from 
fi xed- and random-effects analyses were identical or very similar, as noted in 
 Table 2 ).    
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aromatase  inhibitors and inactivators should be the fi rst-line 
therapy for such patients. The association between increased 
survival and treatment with aromatase inhibitors and inactiva-
tors did not seem to extend to fi rst- and second-generation 
agents. These earlier agents also tend to have less favorable 
 tolerability profi les. 

 The estimated benefi ts refl ect the intention-to-treat analyses, 
but we should caution that crossover in some trials  ( 6 , 9 )  may 
have even diluted the treatment differences. The particular ben-
efi ts of third-generation agents may be due to many reasons. 
Third-generation aromatase inhibitors and inactivators are more 
selective than fi rst- and second-generation agents and are appar-
ently less toxic  ( 9 , 40 ) , and they also have a convenient phar-
macologic profi le that allows easier dosing  ( 41 ).  Given the 
demonstrated survival benefi t of third-generation agents com-
pared with standard hormonal therapy, our results may represent 
a departure from the standard management of advanced breast 
cancer with hormonal therapy that has been used for the last two 
decades. The standard of care may need to be reconsidered. Both 
effi cacy and tolerability also need to be taken into account in 
clinical decision making. The available evidence suggests that 
aromatase inhibitors cause less weight gain, dyspnea, and pe-
ripheral edema than progestins but that they may cause more 
hot fl ushes  ( 31 ) . The balance of toxicities is also not unfavorable 
when compared with the toxicities associated with tamoxifen, 
and, in some trials, tolerability is actually substantially better for 
aromatase inhibitors than for tamoxifen  ( 9 , 10 ) . For some serious 
adverse events, such as thrombosis, more studies are required to 
determine the relative risk associated with aromatase inhibitors 
compared with tamoxifen, but the current evidence does not 
suggest that aromatase inhibitors are worse  ( 42 ) . Increased quality 
of life has also been demonstrated with aromatase inhibitors 
compared with tamoxifen  ( 43 ) . 

 The absolute magnitude of the survival benefi t also needs to 
be considered. For a theoretical group of patients with an ex-
pected median survival of 30 months with standard hormonal 
treatment, we estimate from our data that the increased median 
survival conferred by a third-generation aromatase inhibitor or 
inactivator is about 4 months (13% RH reduction and assuming 
exponential mortality curves). These 4 months can be a consider-
able survival benefi t for an advanced-stage patient  ( 44 ).  How-
ever, for women with median survival of 10 months, the expected 
benefi t would slightly exceed only 1 month. These calculations 
make the assumption of a similar relative hazard reduction for 
patients at different levels of risk, and they would not be true if 
this hypothesis is violated. 

 Some limitations of our study need to be discussed. First, 
it may be useful to perform a meta-analysis of individual-
  level data that targets outcomes separately by subgroups of 
patients who have various risks of death  ( 45 ).  Second, our 
meta-analysis is based on data from trials whose results have 
published, and we note that publication bias is a potential threat 
to the validity of the results. Third, we did not obtain up -
dated individual patient data, the use of such data might have 
further enhanced the accuracy and reduced the uncertainty of 
the estimates  ( 46 , 47 ).  However, we found no evidence of bet -
ween-study heterogeneity and no hint of bias across several 
pertinent diagnostics. Allowing for these caveats, the meta-
  analysis offers strong evidence for the use of third-generation 
aromatase inhibitors and inactivators in the treatment of advanced 
breast cancer.    
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