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Summary

Neoadjuvant chemotherapy is the standard of care for
patients with large, inoperable tumors or inflammatory
breast cancer, but it is also increasingly considered for
women with operable disease. Several randomized trials
have demonstrated that anthracycline- and taxane-con-
taining regimens in operable breast cancer were equally
effective in terms of disease-free or overall survival re-
gardless of whether they were administered postopera-
tively or preoperatively. Further neoadjuvant treatment
allows for a higher rate of breast conserving surgery.
Tumor responses in terms of pathologic complete remis-
sion after short-term chemotherapy will probably only
serve as a surrogate marker for long-term outcome in
some molecular breast cancer subtypes like the triple-
negative, HER2-positive, and some luminal B subsets.
Recent trials showed that in HER2-positive disease pCR
rates were as high as 70% when 2 HER2-targeted agents
were added to chemotherapy.

Introduction

Neoadjuvant therapy is defined as the first systemic treatment
a patients receives when non-metastatic breast cancer is diag-
nosed. Neoadjuvant treatment has the ability to shrink tumors
and was first used in patients with inoperable locally advanced
or inflammatory disease. Data from several retrospective
analyses showed that the application of multimodal treatment
consisting of neoadjuvant chemotherapy, surgery, radiother-

Schliisselworter

Neoadjuvante Chemotherapie - Pathologisch komplette
Remission - Molekulare Subtypen - HER2-positives
Mammakarzinom

Zusammenfassung

Eine neoadjuvante Chemotherapie ist die Standardthera-
pie bei Patientinnen mit lokal fortgeschrittenen inoperab-
len oder inflammatorischen Mammakarzinomen. Heut-
zutage wird eine neoadjuvante Behandlung jedoch auch
zunehmend haufiger bei Frauen mit gut operablen Tu-
moren eingesetzt. Mehrere Studien haben gezeigt, dass
anthrazyklin- und taxanhaltige Regime - unabhangig
davon, ob vor oder nach der Operation verabreicht —
gleich effektiv hinsichtlich des erkrankungsfreien Uber-
lebens und des Gesamtiiberlebens waren. Allerdings
konnte nach neoadjuvanter Therapie die Rate der brust-
erhaltenden Operationen gesteigert werden. Das Tumor-
ansprechen im Sinne einer pathologisch kompletten
Remission nach neoadjuvanter Chemotherapie ist wahr-
scheinlich nur bei bestimmten molekularen Subtypen
wie tripel-negativen, HER2-positiven und einigen Lumi-
nal-B-Tumoren ein Surrogatmarker fiir den langfristigen
Krankheitsverlauf. Bei Patientinnen mit HER2-positivem
Mammakarzinom erreichten in einer kirzlich berichteten
Studie durch die Addition von 2 anti-HER2-Substanzen
zur Chemotherapie die pCR-Raten bis zu 70%.

apy, and hormonal therapy improved survival for patients
with these poor-prognosis tumors [1]. In the NOAH study in
patients with locally advanced and inflammatory tumors over-
expressing the human epidermal growth factor receptor 2
(HER2), the addition of trastuzumab to standard preopera-
tive chemotherapy significantly improved the pathologic
complete response (pCR) rates, and disease-free survival
(DFS) compared to chemotherapy alone [2]. Thus, in patients
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with locally advanced or inflammatory disease with HER2
overexpression, trastuzumab should be part of the multimodal
treatment. Since most of the developments in the field of
neoadjuvant therapy over the last 20 years have been done in
patients with operable breast cancer, this review will focus on
this patient population.

Randomized Trials Comparing Neoadjuvant and
Adjuvant Treatment in Operable Breast Cancer

The theory that breast cancer is a systemic rather than a local
disease led to the investigation of adjuvant chemotherapy in
randomized phase III trials in patients with breast cancer
more than 30 years ago. 2 landmark trials by Bonnadonna et
al. [3] and Fisher et al. [4] showed that adjuvant chemother-
apy improved DFS and overall survival (OS). Because of the
possibility that neoadjuvant chemotherapy may improve out-
come by exposing micrometastases to early chemotherapy,
neoadjuvant therapy was investigated in patients with primary
operable disease. Since it is known from the advanced setting
that neoadjuvant treatment has the ability to shrink tumors,
this treatment approach may also allow for breast conserving
treatment in patients who otherwise would have needed a
mastectomy. The pioneer trial investigating these important
issues was the B18 trial of the NSABP (National Surgical Ad-
juvant Breast and Bowel Project). In this study, 1,523 women
with operable breast cancer were randomized to 4 cycles of
AC (adriamycin, cyclophosphamide) either before or after
definitive surgery. In the neoadjuvant group, 80% of the pa-
tients had a clinical complete (CR) or partial response (PR).
A pCR, which was defined as the absence of malignant tumor
cells at the site of the primary tumor irrespective of nodal
status, was seen in 13% of the patients. In contrast to the
adjuvant group, the number of patients with positive nodes
was significantly lower in the neoadjuvant group (59 vs. 43%;
p < 0.001). Furthermore, a higher rate of breast conserving
treatment was observed with neoadjuvant treatment versus
adjuvant treatment (67 vs. 60%; p = 0.002). In tumors larger
than 5 cm in diameter, the difference was more obvious in
favor of the neoadjuvant approach (22 vs. 8%). There were
no significant differences in DFS and OS, even though up-
dated results with follow-up exceeding 15 years indicated a
trend in favor of neoadjuvant treatment in women younger
than 50 years for DFS (hazard ratio (HR) 0.85; p = 0.053).
There were also no significant differences in ipsilateral breast
cancer relapse rates between the neoadjuvant and adjuvant
group (7.9 vs. 5.8%; p = 0.23) [5-7]. 2 further trials [8, 9], one
of which used not only anthracyclines but an anthracycline/
taxane-containing regimen, confirmed the findings of the B18
trial (table 1). Similar results were also reported in a meta-
analysis mainly including older trials with regimens not com-
monly used today [10].

420 Breast Care 2011;6:419-426

Table 1. Randomized phase III trials comparing adjuvant and neoadjuvant treatment

Trial

oS

DFS

Local relapse rate

pCR  Node negative

BCS rate

Treatment

Study population

Patients, n

rate
%
58
42

rate,
%

HR

%

HR

%

HR

%

%
67

ns 0.93 72/55¢ ns 0.99

58/42¢

0.21

13°
10

0.001

4xAC—Surg 0.001 13*

cT1-3 cNO-1

1,523

NSABP-18

72/55¢

55/39¢

60

Surg—4xAC

1.16
1.10

0.38
0.60

1.15 82¢
84¢
1.21 84¢
85¢
82¢

0.27
0.18

10¢ 0.61 113  65°

9° 70°

0.001 4.6 ns 72¢
4.1 76°

69¢

38
35

42
0.001 23¢ 0
38
40

37

22
34

4xAT-4xCMF—Surg 63
Surg—4xAT-4xCMF 34
Surg— Ax4-4xCMF

“No invasive residual cancer in the breast regardless of lymph nodes.

"Ipsilateral breast cancer recurrence.

‘At 4 years.

Surg—4xFEC

cT1c-T4b cNO-1 MO 4xFEC—Surg

cT2-3 cNO-1 MO

689
1,355

EORTC
ECTO

4A1 8/16 years.
°At 7 years.
BCS

A

Surgery; AC = adriamycin, cyclophosphamide;

= hazard ratio; Surg =

= overall survival; HR

disease-free survival; OS

S-fluorouracil, epirubicin, cyclophosphamide; ns = not significant.

pathological complete response; DFS

Breast conserving surgery; pCR

adriamycin; T

paclitaxel; FEC =

Huober/von Minckwitz




Integration of Taxanes and Investigation
of Alternative Schedules

The more recent neoadjuvant trials have focused on the addi-
tion of taxanes and alternative schedules such as dose dense
chemotherapy. To study the role of taxanes in the neoadju-
vant setting, the NSABP-27 trial randomized 2,411 women
with operable breast cancer (excluding patients with T4
tumors) to 4 cycles of AC alone, 4 cycles of AC followed by
4 cycles of docetaxel (Doc) before surgery, and in the third
arm to 4 cycles of neoadjuvant AC followed by 4 cycles of ad-
juvant Doc after surgery. The addition of Doc preoperatively
to AC increased significantly the clinical CR rate (40 vs. 64%;
p > 0.001), the pCR rate (14 vs. 26%; p > 0.001), and the pro-
portion of patients with negative nodes (51 vs. 58%; p > 0.001)
compared to 4 cycles of AC. However, despite the pCR rate
being almost doubled by the addition of taxanes to AC pre-
operatively, the study did not demonstrate a significant
improvement in outcome in terms of DFS and OS [11, 12].

A dose-dense schedule was investigated in 2 AGO (Ger-
man Gynecological Oncology Working Group) trials. In
the first trial, 668 patients with large primary tumors (>3 cm)
including inflammatory disease were randomized to 3 cycles
of epirubicin (150 mg/m?) followed by 3 cycles paclitaxel
(250 mg/m?) every 2 weeks given with granulocyte colony-
stimulating factor (GCSF) support, or to 4 cycles of paclitaxel
(175 mg/m?*) in combination with epirubicin (90 mg/m?). All
patients received 3 cycles CMF (cyclophosphamide, meth-
otrexate, fluorouracil) as adjuvant treatment following
surgery. Dose-dense chemotherapy significantly improved
pCR rate (18 vs. 10%), and in addition DFS (HR 0.71,
p =0.001) and OS (HR 0.83, p = 0.041), compared to conven-
tional-dosed treatment. Dose-dense treatment was associated
with significantly more non-hematologic toxicities, anemia,
and thrombocytopenia [13]. In the PREPARE trial, 733 pa-
tients with breast cancer were randomized to either 4 cycles of
EC (epirubicin, cyclophosphamide) in standard doses fol-
lowed by 4 cycles of paclitaxel (175 mg/m?) every 3 weeks, or
to dose-dense epirubicin followed by paclitaxel with doses as
reported in the previous trial followed by 3 cycles of CMF
preoperatively. Patients were further randomized to simulta-
neous darbepoetin alfa or control. Pathologic response rates
were significantly higher with the dose-dense regimen (ypTO0/
pTisypNO 21 vs. 14%), however, the outcome in terms of
3-year DFS (75.8 vs. 78.8%) and OS (88.4 vs. 91.5%) was not
significantly different compared to the standard-dose regi-
men, which might be explained by the sample size of the study
relative to the effect size. Interestingly, 3-year DFS (74.3 vs.
80%; HR 1.31, p = 0.061) and OS (88 vs. 91.8%; HR 1.33, p =
0.139) were to the disadvantage of the darbopoetin arm. Even
though these differences were not statistically significant, the
use of darbopoetin may negatively influence outcome [14, 15].
In the GeparDuo trial [16] of the German Breast Group
(GBG), 913 patients were randomized to an 8-week dose-
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dense regimen with doxorubicin (50 mg/m?) plus Doc (75 mg/
m?) given every 2 weeks with GCSF support, or to a 24-week
sequential schedule with AC followed by Doc (AC-Doc) ac-
cording to one arm of the NSABP B-27 trial. The pCR rate
was significantly higher in the sequential than in the 8-week
dose-dense arm (14.3 vs. 10.6%). The rates of breast conserv-
ing surgery were 63.4% in the AC-Doc and 58.1% in the
dose-dense group (p = 0.05).

Pathological Assessment

Previous and more recent trials have shown that patients
achieving a pCR have a more favorable outcome than those
without a pCR, and attainment of a pCR has emerged as the
primary endpoint in most of the neoadjuvant trials [17]. How-
ever, despite this strong evidence of the predictive value of a
pCR, the definitions of pCR vary across clinical trials, and
there is no accepted consensus as to what definition should be
used. The most stringent definition of pCR, which is used by
the GBG, is no invasive or non-invasive residual disease in
the breast or nodes [18]. No invasive residual disease in the
breast and nodes but non-invasive breast residuals allowed
has been used by the MD Anderson, BIG, and ABCSG study
groups [5, 19, 20]. The less restrictive definition from the
NSABP group allows non-invasive breast residuals and infil-
trated lymph nodes and requires only absence of invasive
residual disease in the breast. The predictive power of the pa-
rameter pCR in terms of outcome was seen in various trials
with different definitions of pCR. However, in a meta-analysis
of 7 neoadjuvant German trials with 6,377 patients all of
which were treated with anthracylines and taxanes + trastuzu-
mab, DFS and OS were significantly better when the strict
definition was used compared to the other definitions [21].
Thus, with this definition (ypTO ypNO), the most favorable
group with the highest sensitivity to treatment could be
selected. It is widely accepted that the presence of nodal
involvement after neoadjuvant chemotherapy predicts a
poorer prognosis [11, 12] and should be considered as residual
disease when defining pCR. However, the influence of the
presence or absence of residual carcinoma in situ after pre-
operative therapy on outcome is a matter of controversy since
data of the German meta-analysis are in contrast to the re-
sults of investigators from the MD Anderson. In their analysis
of 2,302 neoadjuvantly treated patients, no difference in DFS
or OS was seen between ypT0O ypNO and ypTis ypNO patients
[22]. However, one should consider that in the German analy-
sis 309 and in the MD Anderson 78 patients had only in situ
residuals at the time of surgery, so that the statistical power to
detect prognostic differences for the definitions was much less
in the American cohort. Another factor which may explain
the different results is the pathological workup of the resected
specimens. Pathological assessment in a single institution as in
the MD Anderson study may have been more standardized
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and may have more precisely located in situ disease only com-
pared to a multicenter trial with pathological assessment in
every single center with a less standardized procedure.

Another area of controversy is the acceptance of the pCR
as a surrogate for survival. Not all patients who achieve a pCR
remain recurrence-free, and not all patients who do not re-
spond well to preoperative treatment relapse. Furthermore,
even though the pCR rates in the NSABP-B27 trial were dou-
bled by adding 4 cycles of a taxane to AC, this did not result
in a significant improvement in outcome [11, 12]. This obser-
vation raises the issue to what extent the short-term pCR rate
is a surrogate for long-term outcome. Breast cancer is a heter-
ogenous disease, and it is now widely accepted that the dis-
ease is divided into several subtypes with different biological
behaviors [23]. These different subtypes include the luminal
A tumors which are hormone receptor (HR)-positive and
HER?2-negative with low proliferation, the luminal B tumors
which are HR-positive but with higher proliferation and/or a
poor grading or a positive HER2 status, the triple-negative
tumors which are estrogen receptor-, progesterone receptor-,
and HER2-negative and mostly show a high proliferation, and
the HER2-positive subset. Since all these kinds of intrinsic
subtypes were included in the neoadjuvant trials, this hetero-
geneity may have diluted the prognostic information of pCR.
In the previously described meta-analysis of 7 German neo-
adjuvant trials [21], the prognostic impact of pCR on DFS and
OS in intrinsic breast cancer subgroups was investigated. In-
deed, pCR was not a suitable surrogate endpoint in the low
proliferating, highly endocrine-sensitive tumors (luminal A
subtype) which also showed a very low pCR rate, and in the
HR-positive, HER2-positive (luminal BJHER2+) subtypes. In
contrast, in the HR-negative tumors, both HER2-positive and
-negative (triple-negative, non-luminal HER2+ subtypes),
and in the HR-positive poorly graded tumors (luminal B/
HER2-), pCR was significantly associated with improved
DEFS and OS.

Who Should be Treated with Neoadjuvant
Chemotherapy

In locally advanced and inflammatory breast cancer, neoadju-
vant chemotherapy as part of a multimodal approach is stand-
ard of care. In patients with operable disease, neoadjuvant
chemotherapy is a valid treatment option when mastectomy
seems necessary but the patient wishes breast conserving
surgery; tumor shrinkage may then allow for this surgical
approach. Further neoadjuvant chemotherapy may be given
in all patients when the same chemotherapy is indicated as
adjuvant treatment [24]. Patients who have a high likelihood
of achieving a pCR with neoadjuvant chemotherapy may be
especially considered for neoadjuvant treatment. In an analy-
sis of the GeparTrio trial, independent factors significantly
associated with a pCR were age below 40 years, grade 3 tu-

422 Breast Care 2011;6:419-426

Table 2. Summary neoadjuvant chemotherapy

Neoadjuvant chemotherapy

Results in similar disease-free survival (DFS) and overall survival (OS)
as adjuvant treatment

Results in similar locoregional control as adjuvant treatment

Results in a higher rate of breast conserving surgery

Can be offered when adjuvant chemotherapy is indicated

Predictors of response to neoadjuvant chemotherapy are negative
hormone receptors, triple-negative receptors, poor grading,
non-lobular histology, clinical midterm response, and young age

The likelihood of a therapy response (pathologic complete response,
pCR) and the long-term outcome (DFS, OS) vary in different
molecular subsets

pCR may only be an appropriate surrogate marker for DFS and OS
in special molecular subtypes of breast cancer

No invasive or non-invasive residuals in the breast and nodes (yPT0
ypNO) is the best predictor for an excellent outcome and should
be used as the definition of pCR

Neoadjuvant treatment necessitates a multidisciplinary approach to
achieve optimal results

Anthracycline/taxane-based regimens were the most effective
treatments in terms of pCR and should be given over 4-6 months

Anti-HER2 therapy in HER2-positive disease (currently trastuzumab
outside clinical trials) should be part of the neoadjuvant treatment

Other targeted approaches like bevacizumab are not standard of care
and should be limited to clinical trials as long as no long-term out-
come data are available

mors, negative HRs, and a non-lobular histology. Patients
with HR-positive disease had a probability of achieving a
PCR of above 10% only with grade 3 tumors [25]. These data
are in line with several other reports showing similar results
[26, 27]. In HER2-overexpressing tumors, pCR rates are as
high as 50% when trastuzumab is added to neoadjuvant
chemotherapy. Table 2 gives an overview of the various as-
pects of neoadjuvant therapy.

Chemotherapy Response as a Guide to Subsequent
Treatment

A unique aspect of preoperative therapy is the opportunity to
monitor tumor response to treatment and to tailor individual
treatment based on response. The pathological response can
only be assessed after several months at the end of neo-
adjuvant treatment when surgery has been performed. There-
fore, it is of special interest to identify predictors which give
information about treatment response early in the course of
treatment. However, it is even more important to know
whether the switch to a non-crossresistant treatment after
lack of an initial response to standard chemotherapy is associ-
ated with better outcome. We know from the GeparDuo and
GeparTrio trials that early response as defined by clinical
examination or ultrasound was associated with higher pCR
rates at surgery [28-30]. Moreover, data from the GeparTrio
trial suggest that most of the factors predictive of a pCR at
surgery, such as HR-negative status, poor grading, and young
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age, were also predictors for early midterm response. Tumors
with a non-lobular histology and non-T4 tumors were the only
ones exclusively associated with a pCR at surgery [25].

The GeparTrio trial, however, also investigated the con-
cept of interim response-adapted neoadjuvant chemotherapy.
2,072 patients with operable or locally advanced breast cancer
were treated with 2 cycles of TAC (Doc, doxorubicin, cyclo-
phosphamide) before an interim response assessment. Re-
sponders were randomized to additional TAC x 4 (n = 704) or
TAC x 6 (n = 686), and non-responders to TAC x 4 (n = 321)
or NX (vinorelbine, capecitabine) x 4 (n = 301). None of the
HER2+ patients received trastuzumab. Regarding short-term
efficacy, TAC x 8 did not significantly increase the pCR rate
in the responder population compared to TAC x 6 (23.5 vs.
21%). In the non-responder group, similar efficacy was ob-
served, pCR rates were low in both randomization arms and
switching to a non-cross resistant regimen resulted in similar
pPCR rates (6.0 vs. 5.3%) compared to continuing with 4 more
cycles TAC. In a second analysis after a median follow-up of
62 months, long-term outcome was investigated and results
will be released soon.

Integration of Targeted Therapies
in Neoadjuvant Treatment

Trastuzumab is an established treatment for HER2-positive
breast cancer and has also been widely investigated in the
neoadjuvant setting. One of the first trials was conducted at
the MD Anderson Cancer Center, and patients with stage 11
and I1Ta HER2-overexpressing tumors randomized to 4 cycles
of paclitaxel followed by 4 cycles of FEC (fluorouracil, epiru-
bicin, cyclophosphamide) with or without trastuzumab [31].
After treating 42 patients, the study was stopped prematurely
due to the remarkably high pCR rate in the trastuzumab arm
(65 vs. 25%; p = 0.02). Cardiac events were not higher in the
trastuzumab group even though it was combined with anthra-
cyclines. In the phase III GeparQuattro study, 1,510 patients
received 4 cycles of EC and were randomly assigned to 4 cy-
cles of Doc, or 4 cycles of Doc in combination with capecitab-
ine, or 4 cycles of Doc followed by 4 cycles of capecitabine.
Women with HER2-positive tumors (n = 445) received trastu-
zumab concomitantly with all neoadjuvant chemotherapy be-
fore surgery. The pCR rate (ypTO ypNo) in these women with
HER?2-positive tumors was 31.7% compared to 15.7% in the
HER2-negative reference group (n = 1,050). The addition of
trastuzumab resulted in more febrile neutropenia and con-
junctivitis, but with a comparable short-term cardiac toxicity
profile as the reference group [32]. These data confirm the
cardiac safety of the smaller MD Anderson trial group both
using epirubicin instead of doxorubicin in combination with
trastuzumab. In the multicenter phase II Techno trial lead by
the AGO, 217 patients with HER2-positive primary breast
cancer were treated with 4 cycles of EC every 3 weeks fol-
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lowed by 4 cycles of paclitaxel (175 mg/m?) in combination
with trastuzumab every 3 weeks followed by surgery [33]. All
patients completed trastuzumab after surgery (1 year). The
pCR rate was 39%, and achievement of a pCR was predictive
of a superior prognosis (3-year DFS with or without pCR 88
vs. 73%, respectively; p = 0.01) Recently, first data of the
NeoALTTO [34] trial were reported. This study is comparing
the efficacy of neoadjuvant lapatinib (a dual tyrosine kinase
inhibitor of both HER1 and HER2) plus paclitaxel versus
trastuzumab plus paclitaxel versus concomitant lapatinib and
trastuzumab plus paclitaxel given as neoadjuvant treatment
over 12 weeks in 455 patients with HER2-overexpressing pri-
mary breast cancer. The pCR was 25 and 30% with lapatinib
or trastuzumab, respectively (without statistically significant
differences; p = 0.34) and almost doubled (pCR 51%) when
both agents were added to paclitaxel. All 3 treatment regi-
mens achieved a higher pCR rate in HR-negative (34, 37,
61%, respectively) compared to HR-positive (16, 23, 46%, re-
spectively) tumors. In addition to the NeoALTTO trial, the
adjuvant ALTTO trial was recently fully recruited. This trial
has a similar design as NeoALTTO and gives the opportunity
to see if the short-term superiority of the dual HER2 block-
ade wit trastuzumab and lapatinib will also translate in a long-
term DFS and OS advantage. The NeoSphere trial is another
neoadjuvant trial investigating the dual HER2 blockade,
however, with pertuzumab — a different combination partner
for trastuzumab. Interestingly, this trial also investigates
the chemotherapy-free combination of these 2 anti-HER2
agents in the neoadjuvant setting [35]. Pertuzumab is a recom-
binant humanized monoclonal antibody and prevents dimeri-
zation of HER2 with other HER receptors (HER1/3/4).
Pertuzumab binds to a different HER?2 epitope than trastuzu-
mab and has shown activity in trastuzumab-resistant disease
[36]. In the NeoSphere trial, 417 patients with HER2-over-
expressing breast cancer were randomized to 12 weeks Doc
plus trastuzumab, or Doc plus trastuzumab and pertuzumab,
or trastuzumab with pertuzumab and Doc plus pertuzumab.
pCR rates were 29, 46, 17, and 24%, respectively. Similar to
NeoALTTO, pCR rates were distinctively higher in HR-nega-
tive (37, 63, 29, 30%, respectively) compared to HR-positive
(20, 26, 6, 17%, respectively) tumors. In the GeparQuinto
trial, 615 HER2-positive patients were treated with EC and
Doc each given for 4 cycles, and randomly assigned to trastu-
zumab or lapatinib given for the entire 24-week treatment
period until surgery. Trastuzumab was continued after sur-
gery for 6 or 12 months in the trastuzumab and lapatinib arms,
respectively [37]. In this trial, the pCR rate was significantly
higher with trastuzumab than with lapatinib (31 vs. 22%;
p < 0.05). Compliance of EC-Doc with lapatinib was lower
than with trastuzumab and may explain the lower pCR rate of
lapatinib. Further treatment duration in the NeoALTTO was
half of that of the GeparQuinto trial. Preliminary results of
small phase II studies combining 2 anti-HER?2 agents with a
long chemotherapy regimen reported pCR rates of 74% [38].
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Table 3. Neoadjuvant trials in HER2-positive primary breast cancer

Trial
NeoSphere ~ NeoALTTO  GeparQuinto GeparQuattro  Techno MD Anderson NOAH
CHT Doc Pac EC-Doc EC-Doc + Cap EC-Pac® Pac-FEC APac-Pac-CMF
Duration, weeks 12 12+6° 24 24/36 24 24 33
CHT + Tra
n 107 149 309 445 217 23 117
pCR¢rate, % 215 27.6 44.6 40.0 39.0 65.2 38.0
CHT + 2 anti-HER?2 agents
Agents Tra + Per Tra + Lap
n 107 152
pCR rate, % 39.3 46.9

“Treatment started with 6 weeks anti-HER?2 therapy alone followed by the addition of paclitaxel for 12 weeks.

"Tra only added to Pac.
‘pCR defined as ypT0/pTisypNO.

CHT = Chemotherapy; Doc = docetaxel; Pac = paclitaxel; EC = epirubicine, cyclophospamide; Cap = capecitabine;
FEC = 5-fluorouracil, epirubicine, cyclophospamide; A = adriamycin; Tra = trastuzumab; Per = pertuzumab; Lap = lapatinib;

CMF = cyclophosphamide, methotrexate, fluorouracil.

Table 3 summarizes neoadjuvant trials in patients with HER2-
positive breast cancer.

In the HER2-negative part of the GeparQuinto trial, the
concept of anti-angiogenesis was investigated [39]. In total,
1,948 patients were randomized to receive 4 cycles of EC fol-
lowed by 4 cycles of Doc each every 3 weeks with or without
concomitant bevazicumab 15 mg/kg added to chemotherapy.
Patients not clinically responding to EC + bevazicumab were
taken off the initial treatment plan and were re-randomized to
weekly paclitaxel + everolimus (RAD 001). Whereas no effect
of bevazicumab in HR-positive patients was seen, bevazi-
cumab could increase the pCR rate in triple-negative tumors
by an odds ratio of 1.67 [40]. Toxicity increased especially
when bevazicumab was added to Doc (febrile neutropenia
and mucositis). Conflicting results were observed in the
NSABP B40 trial. In this study, patients received 1 of 3 tax-
ane-based regimens preoperatively (Doc x 4 vs. Doc x 4 plus
capecitabine vs. Doc x 4 plus gemcitabine followed by
AC x 4) with or without bevazicumab given every 3 weeks.
The addition of bevazicumab to chemotherapy improved
pCR rates (28.4 vs. 34.5%; p = 0.027) whereas the addition of
capecitabine or gemcitabine did not influence response to
treatment. The effect of bevazicumab was predominantly seen
in the HR-positive subset with minimal effect in the HR-neg-
ative subset [41].
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Conclusions

Several randomized trials showed that DFS and OS in pa-
tients with operable breast cancer was the same following
neoadjuvant chemotherapy compared to adjuvant treatment.
The rate of patients with breast conserving surgery however
could be increased when neoadjuvant chemotherapy was
given. Thus, neoadjuvant chemotherapy can now be offered
as a valid treatment option to patients with operable breast
cancer irrespective of tumor size when adjuvant chemother-
apy is indicated. Important goals for the future are to identify
predictors for early response and to tailor neoadjuvant chem-
otherapy according to midterm response. Further aims are to
better integrate surgery in the multimodal concept of the neo-
adjuvant treatment. In this context, important questions are
how to best include the sentinel node technique and if there
are patients with clinical CR, who do not need surgery of the
breast and axilla. The neoadjuvant setting gives the unique
opportunity to get insights in breast cancer biology and to
evaluate not only new therapies but to find predictive factors
for better individualization of the treatment.
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