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Neoadjuvant Versus Adjuvant Systemic Treatment in

Breast Cancer: A Meta-Analysis

Davide Mauri, Nicholas Pavlidis, John P. A. loannidis

Background: Interest in the use of preoperative systemic
treatment in the management of breast cancer has increased
because such neoadjuvant therapy appears to reduce the
extent of local surgery required. We compared the clinical
end points of patients with breast cancer treated pre-
operatively with systemic therapy (neoadjuvant therapy)
and of those treated postoperatively with the same regimen
(adjuvant therapy) in a meta-analysis of randomized trials.
Methods: We evaluated nine randomized studies, including
a total of 3946 patients with breast cancer, that compared
neoadjuvant therapy with adjuvant therapy regardless of
what additional surgery and/or radiation treatment was used.
Fixed and random effects methods were used to combine
data. Primary outcomes were death, disease progression, dis-
tant disease recurrence, and loco-regional disease recurrence.
Secondary outcomes were local response and conservative
local treatment. All statistical tests were two-sided. Results:
We found no statistically or clinically significant difference
between neoadjuvant therapy and adjuvant therapy arms
associated with death (summary risk ratio [RR] = 1.00, 95%
confidence interval [CI] = 0.90 to 1.12), disease progression
(summary RR = 0.99, 95% CI = 0.91 to 1.07), or distant
disease recurrence (summary RR = 0.94, 95% CI = 0.83 to
1.06). However, neoadjuvant therapy was statistically
significantly associated with an increased risk of loco-regional
disease recurrences (RR = 1.22, 95% CI = 1.04 to 1.43),
compared with adjuvant therapy, especially in trials where
more patients in the neoadjuvant, than the adjuvant, arm
received radiation therapy without surgery (RR =1.53, 95%
CI =1.11 to 2.10). Across trials, we observed heterogeneity in
the rates of complete clinical response (range = 7%—65%;
P for heterogeneity of <.001), pathologic response (range =
4%—-29%; P for heterogeneity of <.001), and adoption of con-
servative local treatment (range = 28%-89% in neoadjuvant
arms, P for heterogeneity of <.001). Conclusions: Neoadjuvant
therapy was apparently equivalent to adjuvant therapy in
terms of survival and overall disease progression. Neoadju-
vant therapy, compared with adjuvant therapy, was associated
with a statistically significant increased risk of loco-regional
recurrence when radiotherapy without surgery was adopted.
[J Natl Cancer Inst 2005;97:188-94]

Non—metastatic breast cancer is increasingly accepted as a
systemic disease rather than a local disease, and interest in the
use of systemic preoperative therapy (neoadjuvant chemotherapy
and endocrine therapy, also known as primary or induction
therapy) to treat the early systemic aspects of the disease is,
therefore, increasing (7). Systemic neoadjuvant chemotherapy,
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moreover, may result in local tumor regression or even in a com-
plete pathologic response. Neoadjuvant therapy may also reduce
the extent of local surgery required from radical mastectomy to
breast-conserving surgery (e.g., quadrantectomy, segmentec-
tomy, or lumpectomy) without jeopardizing patient survival be-
cause the extent of local surgery in patients with breast cancer
does not appear to influence major patient outcomes, such as sur-
vival and disease-free survival (2—4).

Neoadjuvant therapy has been found to lead to better control
of systemic residual disease in results from animal models (5—7).
Excision of primary tumors in mice leads to the release of serum
growth-stimulating factors from the tumors and of malignant
cells that can form metastatic foci (6). When therapy with
cyclophosphamide, radiation, tamoxifen, or luteinizing hormone-
releasing hormone was preoperatively administrated to tumor-
carrying mice, both tumor-cell proliferation and the release of
growth-stimulating factors into the serum were suppressed, and
survival was improved (3,7). Thus, in mice, neoadjuvant therapy
appears to be associated with better local and systemic disease
control.

The same regimens administered as neoadjuvant therapy and
adjuvant therapy (i.e., postoperative therapy) have been com-
pared in randomized trials (§8—24). We used all available evi-
dence from these trials to assess whether neoadjuvant systemic
therapy is associated with any advantage compared with the
same adjuvant systemic therapy for the treatment of breast can-
cer. The primary outcomes that we considered included loco-
regional disease recurrence, distant disease recurrence, and
overall survival; secondary outcomes included local response
and the extent of breast surgery required. To address these is-
sues, we performed a meta-analysis of randomized controlled
trials that compared the same treatment regimen for breast can-
cer as neoadjuvant therapy and as adjuvant systemic therapy.
We aimed to generate summary estimates, assess the remaining
uncertainty, and estimate the between-study heterogeneity for
each clinical outcome.
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MATERIALS AND METHODS

Identification of Randomized Studies

We searched MEDLINE and EMBASE by entering the fol-
lowing in the searching algorithm: breast cancer AND (neoadju-
vant OR neo-adjuvant OR pre-operative OR preoperative OR
induction) AND (clinical trial OR randomized controlled trial
OR double-blind OR single-blind OR random OR randomized
OR placebo). We also searched the Cochrane Central Register of
Controlled Trials for randomized trials that compared neoadju-
vant with adjuvant systemic treatment for breast cancer. We set
no language restriction. The latest search was done on October
31,2003. We also hand-searched for the years 1995 through 2003
several oncology journals that publish many randomized trials
(25) to ensure that electronic searches would not miss reports of
eligible studies (26). The reference list of retrieved papers was
further screened for additional publications, and, to minimize
publication bias, several investigators in the field were contacted
and asked to provide clarifications and, potentially, additional
data.

Eligibility Criteria

All randomized controlled studies that compared neoadjuvant
with adjuvant systemic treatment (chemotherapy or endocrine
therapy) for breast cancer, in which the same regimen was given
preoperatively to one group and postoperatively to another
group, were considered eligible regardless of what additional
surgery or radiation treatment was used. We also accepted trials
where one arm received exclusively postoperative therapy while
the other arm received some cycles of the same regimen pre-
operatively and some other cycles postoperatively. We included
trials regardless of the exact chemotherapeutic or endocrine regi-
mens being used because results in animal models had shown
that the beneficial effects of neoadjuvant chemotherapy and
endocrine therapy appeared similar for both treatments (5,7).
In addition, all regimens try to reduce tumor burden either by
killing cells or by blocking their hormonal stimulation and prolif-
eration. The emphasis of the meta-analysis is on the timing of
administration of the treatment, not on the specific types of drugs
used or drug regimens.

We excluded meeting abstracts, escalation dose studies, and
pseudorandomized trials (e.g., those with alternate allocation of
subjects). If other concomitant anticancer nonsurgical treatments
were also used (e.g., hormone therapy and radiation therapy),
these treatments should not have differed systematically between
the two arms. Whenever more than one publication reported re-
sults for the same group of patients, we included only the report
with the longest follow-up (largest number of events) to avoid
duplication of information. Data from interim analyses were in-
cluded if no further final report was available.

Data Extraction and Outcomes

We recorded the following information about each eligible
trial: authors’ names, journal and year of publication, country of
origin of patients, inclusive dates of patient enrollment, number
of centers involved, and study design items (including whether
there was a description of the mode of randomization, allocation
concealment, number of withdrawals per arm, and blinding). We
recorded the following information from both arms of each
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eligible trial: the number of patients randomly assigned to treat-
ment and analyzed per arm, their age, their tumor stage, their
menopausal status, regimens used (including type of therapy [en-
docrine therapy and/or chemotherapy], timing, number of courses
for each arm, and additional treatments given to both arms), and
number of outcome events per arm.

Primary outcomes included death (from any cause), discase
progression, loco-regional disease recurrence, and distant disease
recurrence (metastasis). Disease progression was defined as loco-
regional or distant recurrence, occurrence of contralateral cancer,
or death. Loco-regional recurrence was defined as recurrence in
the ipsilateral breast or in the ipsilateral regional lymph nodes or
chest wall.

Secondary outcomes included the local clinical response to
neoadjuvant treatment (three categories: complete versus partial
versus none or progressive disease), the pathologic response
(complete versus noncomplete) in the neoadjuvant arm, and the
surgical approaches adopted (no surgery needed [radiotherapy
only], breast-conserving surgery [e.g., lumpectomy or quadran-
tectomy], or mastectomy) in each arm. After preoperative
chemotherapy, the absence of clinical evidence of tumor in the
breast was defined as a clinically complete response and a reduc-
tion in the clinical tumor size of 50% or more was defined as a
partial response. A complete pathologic response was defined as
the absence of tumor in the surgical specimen (primary tumor
and lymph node metastasis); this response was pertinent only for
women who had surgery after neoadjuvant treatment.

Two investigators (DM, JPAI) extracted the relevant data, and
consensus was reached on all outcomes. Whenever information
for outcomes was missing, we contacted the primary investiga-
tors to obtain additional data and clarifications.

Statistical Analysis

For all primary outcomes in each study, we estimated the
risk ratio (RR), with its variance and 95% confidence interval
(CI). In studies that did not provide explicit accounting of the
numbers of events for each arm, we derived the pertinent
numbers from the Kaplan-Meier curves presented, from other
information available in the published reports, or from com-
munication with primary investigators. For some outcomes in
one study (8), we used hazard ratio estimates and 95% confi-
dence intervals derived from proportional hazards modeling.
Hazard ratios may be more appropriate than risk ratios for
synthesizing data from time-to-event studies, but these ratios
were rarely reported in adequate detail. Heterogeneity between
the risk ratios for the same outcome between different studies
was assessed by use of the chi-square-based Q statistic (27).
Data were then combined across studies by the use of general
variance methods with fixed and random effects models (27).
The fixed effects analysis weighted the natural logarithm of
each study’s risk ratio by the inverse of its variance. The random
effects analysis weighted the natural logarithm of each study’s
risk ratio by the inverse of its variance plus an estimate of the
between-study variance in the presence of between-study het-
erogeneity. In the absence of between-study heterogeneity,
fixed and random effects coincide because the between-study
variance is zero. For the secondary outcomes, we estimated
whether there was statistically significant between-study
heterogeneity. When very large between-study heterogeneity
was detected, we did not present weighted summary estimates.

ARTICLES 189

¥20¢2 IMdy Gz uo 1senb Aq £6011GZ/881L/S/L6/2101e/10ul/Wod dno dlWwapedk//:sd)y woly pspeojumoq



Table 1. Characteristics of eligible trials for this meta-analysis*

Mean age . .
' (median), y ) Reglrpens (No. Median
No. patients - Stage* (size of Nadj. arms/No.  Enrollment Country (No follow-up,

Study (reference) enrolled (analyzed) Nadj. Adj. in cm) % Menopausal of all courses)T interval (yr) of centers) mo
Avril et al. (9) 272 53 53 T2-3NO-1(>3) 54 EVM, ETV (6/6) 1985-89  France (1) 124
Mauriac et al. (10)
Semiglazov et al. (11) 271 50 51 1B IIA No data TMF (1-2/6) 198590  Russia (1) 53
Scholl et al. (12) 196 (181) (49) (51) T2-3NO-1b 37 FAC (2/6) 1983-86  France (1) 54
Scholl et al. (13) 414 (390) 45 45 T2-3NO-1bl (3-7) 0 FAC (4/4) 198690  France (1) 105
Broet et al. (14)
Makris et al. (15) 309 (293) (56) (55) TO0-4NO-1 61 MM(M)/TAM (4/8) 1990-95  United Kingdom (1) 48
NSABP B-18 (16,17) 1523 (1493) 50 50  TI-3NO-1 49 AC (4/4) 1988-93  USA, Canada (32) 1147
Gazet etal. (18) 210 52 53 TI1-4NO-2 63 Gsr, Frm, MMM (4/8)  1990-93  United Kingdom (1) ~ >60
van der Hage et al. (§) 698 <50 <50 T14,NO-1 45 FEC (4/4) 1991-99  International (17) 56
Danforth et al. (19) 53 (49) 43) 1 40 FLAC/G-CSF (5/5) 1990-95  USA (multiple) 108

*For specific definitions of the staging system used, see the respective reference(s). Nadj. = neoadjuvant; Adj. = adjuvant; EVM = epirubicin, vincristine, and
methotrexate; ETV = mitomycin, thiothepa, and vindesine; TMF = thiotepa, methotrexate, and fluorouracil ; FAC = fluorouracil, doxorubicin, and cyclophospha-
mide; AC = doxorubicin and cyclophosphamide; TAM = tamoxifen ; NSABP = National Surgical Adjuvant Breast and Bowel; MMM = mitoxantrone, mitomycin,
and methotrexate; Gsr = goserelin; Frm = formestane; FEC = fluorouracil, epirubicin, and cyclophosphamide; FLAC/G-CSF = fluorouracil, leucovorin, doxorubicin,

cyclophosphamide, and granulocyte colony-stimulating factor support.

FThe number of neoadjuvant courses refers to the number of courses given preoperatively in the neoadjuvant arm. The number of all courses refers to the total
number of chemotherapy courses; this was the same in both the neoadjuvant and adjuvant arms.

tMean.

We also performed subgroup analyses for the primary outcomes
on the basis of whether conservative local management (e.g.,
lumpectomy or quadrantectomy) or radiotherapy only, without
surgery, was used more often in the neoadjuvant arm than in the
adjuvant arm.

Finally, for the primary outcomes, we evaluated whether
small and large studies might have yielded different results
from each other [by use of the Begg-Mazumdar test based on
Kendal’s tau correlation coefficient (28)] and whether the sum-
mary effect size changed considerably over time as more data
accumulated [by use of recursive cumulative meta-analysis
(29,30) and evaluation of Kaplan-Meier plots from individual
studies for proportionality of hazards]. Analyses were con-
ducted in Meta-Analyst (Joseph Lau, Boston, MA) and SPSS
version 11.0 (SPSS, Inc., Chicago, IL). All statistical tests were
two-tailed.

REsuLTS
Eligible Studies

We identified 12 potentially eligible studies (§—24) of neoad-
juvant versus adjuvant therapy for patients with breast cancer.
One study was excluded from the meta-analysis because no peer-
reviewed report has been published, although it has been
discussed briefly in review articles (20-22). Two more trials
(23,24) are ongoing, and no peer-reviewed report has been
appeared for either.

Nine trials were thus eligible, as shown in Table 1 (§-79).
A total of 3946 patients were randomly assigned to treatment
(1972 in neoadjuvant arms and 1974 in adjuvant arms), and we
analyzed data from 3861 of them in this study (1933 and 1928 in
the two arms, respectively). In four trials (/2—17), a total of 85
patients did not have analyzable data. The mean or median age
ranged between 43 years and 56 years across the arms of the
included trials. There was considerable variability across studies
in the eligible stages of breast cancer, tumor size, and lymph
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node status (Table 1). With the exception of one trial (7/3) that
included only premenopausal patients, all trials included both
premenopausal and postmenopausal patients. Many regimens
were used (Table 1). The total number of treatment courses in the
adjuvant treatment arms varied between four and eight, but the
neoadjuvant courses varied between one and six. In four trials
(11,12,15,18), patients in the neoadjuvant arm received some of
the courses before surgery and some after surgery. In the other
five trials, patients in the neoadjuvant arm received all courses
before surgery. All nine trials enrolled patients between January
1983 and May 1999. Three of the nine trials were multicentric
trials (8,16,19).

Only one trial (/) described in detail the mode of randomiza-
tion, and three trials (8,18,19) described the mode of allocation
concealment in detail. Withdrawals were described in detail in
seven trials (8,9,12—17,19). None of the nine studies was blinded.
The definition of loco-regional recurrence was similar across
studies. However, three studies (75,18,19) did not provide
detailed definitions for this outcome but simply separated it from
systemic, distant, or metastatic recurrence or relapse without
further specification. Complete pathologic response (no invasive
tumor cells) was defined similarly in all studies in which it was
analyzed (8,11,15,16,17,19).

Meta-Analysis: Primary Outcomes

In the meta-analysis, we included data on 966 deaths from all
nine trials (§8—19), on 1310 occurrences of disease progression
from seven trials (§8—11,13—17, 19), on 520 loco-regional recur-
rences from all nine trials (§8—/9), and on 745 distant recurrences
from seven trials (9—11,13-19). Although we contacted the
authors, additional data could not be retrieved on disease
progression from two trials (72,/8) and on distant recurrences
from two trials (8,72).

We first used a fixed effects analysis to investigate differences
between the compared arms for the outcomes death, disease pro-
gression, distant recurrences, and loco-regional recurrences. We
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Fig. 1. Meta-analysis for primary outcomes with neoadjuvant therapy compared
with adjuvant therapy for breast cancer. In each panel, each study [Van der Hage
etal. (8), Avril et al./Mauriac et al. (9,10), Semiglazov etal. (11), Scholl etal. (12),
Scholl et al. (13), Broet et al. (14), Makris et al. (15), NSABP B-18 (16,17), Gazet
et al. (18), Danforth et al. (19)] is shown by the point estimate of the risk ratio
(square proportional to the weight of each study) and 95% confidence interval

found no difference between the arms for the outcomes death
(summary RR for death = 1.00, 95% CI = 0.90 to 1.12), disease
progression (summary RR for disease progression = 0.99, 95%
CI = 091 to 1.07), and distant recurrences (summary RR for
distant recurrence = 0.94, 95% CI = 0.83 to 1.06). However, we
did find a statistically significant 22% increased relative risk for
loco-regional recurrences associated with neoadjuvant treatment
(summary RR for loco-regional recurrence = 1.22, 95% CI =
1.04 to 1.43; P = .015) (Fig. 1). No statistically significant
between-study heterogeneity was observed for any of the four
primary outcomes.

With a random effects analysis, we found no difference
between arms compared for death and distant recurrences; in
fact, the results calculated from the random effects analysis were
identical to those obtained by fixed effects analysis (between-
study variance = 0). Furthermore, the results for disease progres-
sion (summary RR = 0.99, 95% CI = 0.88 to 1.11) and
loco-regional recurrence (summary RR = 1.22, 95% CI=1.03 to
1.44; P = .018) were very similar to the results for the same
outcomes from the fixed effects analysis. The difference in the
results for loco-regional recurrences in the neoadjuvant treatment
arms was less than 5% in seven trials (8,11,12,15-19), 16.1% in
Auvril et al. (9), and 5.6% in Broet et al. (14).
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(CI) for the risk ratio (extending lines); the summary risk ratio (ALL) and 95%
confidence intervals by fixed effects calculations are also shown by diamonds.
For all panels, values greater than 1 indicate that neoadjuvant treatment has a
worse outcome compared with adjuvant treatment. (A) Death. (B) Disease pro-
gression. (C) Distant disease recurrence. (D) Loco-regional disease recurrence.
Arrow = 95% confidence interval extends beyond the depicted range.

Secondary Outcomes

Secondary outcomes are shown in Table 2. The rates of com-
plete clinical response were statistically significantly hetero-
geneous (ranging from 7% to 65%, P for heterogeneity of <.001)
across studies. When both complete and partial clinical responses
were considered, the difference between extremes was smaller,
but the rates were still statistically significantly heterogeneous
(ranging from 45% to 83%, P for heterogeneity of <.001). Rates
of pathologic response were available in five trials (8,11,15-17,
19) and were generally low but were still statistically significantly
heterogeneous between studies (ranging from 4% to 29%, P for
heterogeneity of <.001). In the other four trials (9,10,12—14,18),
pathologic response rates were not available because radiother-
apy was administered to patients who had a complete clinical
response. Although the rates of pathologic response were not re-
ported, these rates, by definition, would have been lower than the
rates of complete clinical response. Thus, the rates of pathologic
response in these four trials should not have exceeded the rates
observed in the other trials and should have been lower than
those.

We found large heterogeneity across studies in the rates of
conservative local treatment in the adjuvant arms (ranging from
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Table 2. Clinical and pathologic response rates of the studies in this meta-analysis in the neoadjuvant arm and local treatment adopted in each arm*

Clinical response

Local treatment adopted for breast cancer
No. of neoadjuvant treatment arms No. of adjuvant treatment arms

% pathologic
Study (reference) % Complete % Partial response RT BSS M RT BSS M
Avril et al. (9) 33 30 U 44 40 49 — — 138
Mauriac et al. (10)
Semiglazov et al. (11) 12+ 57+ 29+ — 38 99 — 11 123
Scholl et al. (12) 137 32% U 41 32 22 29 26 31
Scholl et al. (13) 24 42 U 102 62 36 87 60 43
Broet et al. (14)
Makris et al. (15) 22 61 7 1 132 16 2 111 31
NSABP B-18 (16,17) 36 43 13 — 504 239 — 450 302
Gazet etal. (18) 25 26 U 16 73 11 4 97 9
Van der Hage et al. (8) 7 42 4 — 120§ 203§ — 79§ 262§
Danforth et al. (19) 65| 12 20]| — 11 15 — 11 16

*RT = radiotherapy only; BSS = breast-sparing surgery; M = mastectomy; U = unknown rate of pathological response (patients with complete clinical response

underwent radiotherapy without any surgery).

FTResponse rates related to neoadjuvant chemotherapy plus preoperative radiotherapy.

iData refer to only to 76 patients (subgroup la of the trial).

§In this trial, 698 patients were randomly assigned to treatment, but because 34 patients did not receive the surgical treatment stipulated by the study protocol (20
in the preoperative group and 14 in the postoperative group), only 664 patients underwent surgery and are included here.
|| Data refer only to 17 patients because tumor was completely removed during excisional biopsy in nine individuals.

0% to 92%; P for heterogeneity of <.001) and in the neoadjuvant
arms (ranging from 28% to 89%; P for heterogeneity of <.001).
Overall, we found a statistically significant higher rate of conser-
vative local treatment in the neoadjuvant arms than in the adju-
vant arms of five studies (8,9—11,15—17), a borderline difference
in another trial (P =.06) (12), and no difference between arms in
three studies (13,18,19). Finally, we found that radiotherapy only,
without surgery, was administered statistically significantly more
often in the neoadjuvant arms than in the adjuvant arms in three
trials (9,10,13,18).

We found no differences in the primary outcomes between the
two arms in the subgroup of studies in which there was an excess
rate of conservative local treatment in the neoadjuvant arms (e.g.,
for loco-regional recurrence, RR by random effects = 1.18, 95%
CI=0.91 to 1.52; P =.22; and RR by fixed effects = 1.19, 95%
CI=0.99 to 1.43; P = .063; no statistically significant between-
study heterogeneity) and the subgroup of studies without such an
excess in the former subgroup (e.g., for loco-regional recurrence,
RR by both fixed and random effects = 1.31, 95% CI = 0.95 to
1.81; P =.097). However, increased risk of loco-regional recur-
rence associated with neoadjuvant treatment was driven largely
by the three trials (9,10,13,18) in which radiotherapy only with-
out surgery was adopted more often in the neoadjuvant than in
the adjuvant arms (RR by random effects = 1.53, 95% CI = 1.11
to 2.10; P =.009; and RR by fixed effects = 1.53, 95% CI=1.17
to 2.00; P =.002; no statistically significant between-study het-
erogeneity), whereas no association with loco-regional recur-
rences was found in other trials (RR by both fixed and random
effects = 1.10, 95% CI = 0.87 to 1.38; P = .44). The strongest
association between neoadjuvant treatment and increased risk
of loco-regional recurrence was observed in the study in which
the patients in the neoadjuvant arm with a complete clinical re-
sponse received radiotherapy alone without any surgical treat-
ment (9,10). Patients who were treated only with radiotherapy
had statistically significantly higher rates of loco-regional
recurrence (20 of 44 patients) than patients who were treated
with breast-conserving surgery (nine of 40 patients). Subgroup
analyses should be interpreted cautiously because of multiple
comparisons.
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Potential Bias

Small trials did not differ from larger trials in their results for
death (P =.46), distant disease recurrence (P = .45), or loco-
regional recurrence (P = .84). However, there was an indication
that smaller studies, compared with larger studies, had a rela-
tively more favorable comparative overall disease progression
associated with neoadjuvant treatment (P = .068) than with adju-
vant treatment. The first study (72) did not show different results
for any outcome than later studies (§8—17,13,19), and the sum-
mary estimates did not change much as more data accumulated
over time (data not shown).

DiscussIoN

We found no difference in overall survival, disease progres-
sion, and distant disease recurrence between the neoadjuvant
treatment arms and the adjuvant treatment arms in a meta-
analysis of nine trials with a total of approximately 4000 sub-
jects. Moreover, the cumulative data excluded modest even
differences in these outcomes. However, neoadjuvant treatment
compared with adjuvant treatment was statistically significantly
associated with an increased risk of loco-regional disease recur-
rence, and the difference was greater in trials in which radio-
therapy without any surgery was adopted more commonly in the
neoadjuvant arm than in the adjuvant arm. Pathologic response
rates were rather low regardless of the regimen used, and rates
of conservative local management varied considerably across
studies.

Primary systemic treatment has been accepted as the standard
of care in women with locally advanced breast cancer (31).
Downstaging (i.e., the possibility of breast-conserving surgery
for locally advanced breast cancer and for lesions more than 3 cm
in diameter) and good cosmetic results are considered important
advantages of neoadjuvant treatment. The use of primary systemic
treatment for smaller, earlier-stage tumors is less well accepted.
No trial included in our meta-analysis had a difference in survival
or disease progression between neoadjuvant arms and adjuvant
arms. From the results of the largest trial (16,17) alone, we could
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exclude differences of 20%-30% between the compared strate-
gies by taking into account the uncertainty of the observed haz-
ard ratios. In our meta-analysis, we excluded differences of 12%
for mortality and differences of 9% for disease progression on
the basis of the uncertainty of the observed summary risk ratios,
thus narrowing the potential for differences of any importance
between the two arms. Overall survival is not influenced by the
timing of chemotherapy (before or after surgery) but is more
likely to be influenced by the chemosensitivity of the primary
lesion (32—34). Thus, this meta-analysis did not confirm that neo-
adjuvant systemic therapy was associated with better clinical
outcomes than adjuvant systemic therapy.

In fact, we found that a statistically significantly higher rela-
tive risk of loco-regional disease recurrence was associated with
neoadjuvant treatment than with adjuvant treatment. We found
no clear association between the risk of loco-regional recurrence
and the use of breast-conserving surgery, although data from in-
dividuals are required to address this issue more appropriately.
Large trials (2,3) have found a higher risk of loco-regional dis-
ease recurrence associated with breast-conserving surgery than
with more extensive surgical approaches. We found, however,
that the increased risk in the neoadjuvant arm largely reflected
the use of radiotherapy without any surgery for patients who had
an apparently complete clinical response. The loco-regional re-
currence problem is compatible with the low rates of complete
pathologic response that we observed in these trials. Similarly,
low rates of pathologic response (<20%) have also been obtained
in trials comparing various neoadjuvant regimens with each other
(35,36). The lack of pathologic response appears to be associated
with an adverse outcome in the neoadjuvant arms (76,37). Con-
sequently, despite gross clinical response, the tumor bed may not
be free of malignant cells, and tumor cell foci may be present
in the majority of patients, increasing the risk for subsequent
loco-regional disease recurrence. This problem is probably more
important when radiotherapy alone is used. An alternative expla-
nation may be that these women would have more breast tissue in
which to develop a loco-regional recurrence.

Our meta-analysis has some limitations. We found some evi-
dence that small trials gave different results from larger trials for
disease progression, and publication bias cannot be totally ex-
cluded. We have to acknowledge that the meta-analysis is based
on data from trials that have published results in the literature.
Use of updated individual patient data may further enhance the
accuracy and reduce the uncertainty of the estimates (38,39).
However, we made an effort to include all additional information
that we could obtain from the primary investigators, and defini-
tions for the major outcomes were largely consistent across
studies. A meta-analysis of individual-level data may still be
performed with an emphasis on identifying patients who have
different risks for the major outcomes (40). Another potential
limitation is that the results of at least two recently launched ran-
domized studies (23,24) with a total of 1315 patients were not
available to include in the meta-analysis. However, given the
accumulated evidence to-date, the overall summary estimates for
the primary outcomes that we considered are unlikely to change.

Another limitation of this study is that there was considerable
heterogeneity in the design, modes of treatment used in each
study, and response rates. Heterogeneity is not necessarily a dis-
advantage in meta-analysis (4/), and in our study, it provided an
opportunity to probe the consistency of the treatment effects
across the various local treatment approaches used. In particular,
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there was large variability in the treatment regimens used across
these studies, and a meta-analysis for specific regimens would
not be feasible. We initially hypothesized, on the basis of results
from animal studies and a commonly postulated mechanism, that
the relative merits of neoadjuvant and adjuvant therapies do not
differ by the regimen used. This potential limitation should be
considered seriously. In the meta-analysis, we found no evidence
of between-study heterogeneity for any primary outcome despite
this variability in treatments. Thus, from the available data, we
cannot reject the hypothesis that the specific treatment regimen
does not influence the relative merits of neoadjuvant therapy
compared with adjuvant therapy. It may be argued, however, that
the effect sizes from this meta-analysis should not be extrapolated
necessarily to agents with much higher potency or very different
modes of action. For example, some recent studies suggest that
regimens involving taxanes and/or the monoclonal antibody
trastuzumab may be particularly effective as neoadjuvant regi-
mens (42—44). However, none of these regimens have been eval-
uated in randomized trials that compared neodjuvant therapy
with adjuvant therapy.

Despite these caveats, this meta-analysis demonstrates the
equivalence of neoadjuvant and adjuvant treatments for breast
cancer in terms of survival, disease progression, and distant re-
currence and shows that an increased risk of loco-regional dis-
ease recurrence is associated with neoadjuvant treatment,
especially when primary systemic treatment is not accompanied
by any surgical intervention (i.e., radiation therapy alone). Con-
sequently, we recommend avoiding the use of radiotherapy with-
out any surgical treatment, even in the presence of an apparently
good clinical response to neoadjuvant chemotherapy. Some sort
of breast-conserving surgical intervention is likely to be war-
ranted, regardless of whether neoadjuvant or adjuvant treatment
is adopted and regardless of the patient’s initial clinical
response.
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