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Background: Changing the neoadjuvant chemotherapy regimen in insufficiently responding breast cancer is not a standard
policy. We analysed a series of patients with ‘luminal’-type breast cancer in whom the second half of neoadjuvant chemotherapy
was selected based on the response to the first half.

Methods: Patients with oestrogen receptor-positive (ERþ ) human epidermal growth factor receptor 2-negative (HER2� ) breast
cancer received three courses of neoadjuvant dose-dense doxorubicin and cyclophosphamide (ddAC). Three further courses of
ddAC were administered in case of a ‘favourable response’ on the interim magnetic resonance imaging (MRI) and a switch to
docetaxel and capecitabine (DC) was made in case of an ‘unfavourable response’, using previously published response criteria.
The efficacy of this approach was evaluated by tumour size reductions on serial contrast-enhanced MRI, pathologic response and
relapse-free survival.

Results: Two hundred and forty-six patients received three courses of ddAC. One hundred and sixty-four patients (67%) had a
favourable response at the interim MRI, with a mean tumour size reduction of 31% after the first three courses and 34% after the
second three courses. Patients with unfavourable responsive tumours had a mean tumour size reduction of 12% after three courses
and received three courses of DC rather than ddAC. This led to a mean shrinkage of 27%.

Conclusion: The tumour size reduction of initially less responsive tumours after treatment adaptation adds further evidence that a
response-adapted strategy may enhance the efficacy of neoadjuvant chemotherapy.

Neoadjuvant chemotherapy has been shown to be equally effective
as adjuvant chemotherapy in terms of breast cancer survival
(Mauri et al, 2005), when the preoperative regimen is the same as
the postoperative adjuvant regimen. It is tempting to assume that
neoadjuvant chemotherapy could be superior to adjuvant

chemotherapy if the regimen were adapted to the response of the
primary tumour. If the tumour fails to decrease in size, a switch
could be made to a (presumably) non-cross-resistant regimen that
could be more effective than the first one. This simple concept has
not been adopted in practice, perhaps because early experience
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suggested that a change of chemotherapy should be made anyway
(Smith et al, 2002) and perhaps because response monitoring is
difficult and suitable criteria for a satisfactory response after the
first course(s) are not available. More recently, however, a report
from the German Breast Group suggested that response-adapted
chemotherapy could be effective: breast cancer patients who
received vinorelbine and capecitabine after failure of a combination
of docetaxel, doxorubicin and cyclophosphamide (TAC) had a
better survival than those who continued on TAC (von Minckwitz
et al, 2013).

Response monitoring can be performed by means of physical
examination, by sonographic measurement or by mammographic
measurement (Rosen et al, 2003; Prati et al, 2009). Contrast-
enhanced magnetic resonance imaging (MRI) is generally regarded
as the most accurate imaging method for invasive breast cancer
(Yeh et al, 2005; Shin et al, 2011) and is increasingly used for the
evaluation of neoadjuvant chemotherapy response. Our group has
previously published criteria for a satisfactory MRI response
during chemotherapy (Loo et al, 2008). We have recently shown
that these criteria are strongly predictive for a pathologic complete
remission (pCR) in triple-negative disease, but are less accurate in
tumours that are oestrogen receptor-positive (ERþ ) and human
epidermal growth factor receptor 2-negative (HER2� ) (Loo et al,
2011). The latter group of patients frequently receives preoperative
chemotherapy with the objective to decrease tumour size to
facilitate breast-conserving therapy. A pCR, however, is only rarely
achieved. Consequently, the pCR is not an ideal measure of tumour
response and it has recently been shown that it is of no prognostic
value in lower-grade ERþ HER2� (‘luminal A’) disease
(von Minckwitz et al, 2012). We have proposed a simple measure
of downstaging, the ‘Neoadjuvant Response Index’, to better
quantify the responsiveness of this subgroup to neoadjuvant
chemotherapy (Rodenhuis et al, 2010). Whether this index is
predictive of recurrence-free survival is still under investigation
and awaits longer follow-up and/or independent confirmation.

Here, we review the data of a series of consecutive patients with
ERþ HER2� breast cancer in our single-institution neoadjuvant
chemotherapy program, who were started on neoadjuvant
chemotherapy with dose-dense doxorubicin and cyclophospha-
mide (ddAC). The program serves to develop biomarkers for
response prediction and to refine techniques for response
monitoring. The objective of this analysis was to evaluate a
consecutive series of participating patients with high-risk ERþ
HER2� breast cancer who received response-adapted neoadju-
vant chemotherapy and to help prepare future controlled studies to
further develop such a strategy.

Specifically, we wished to investigate the degree of tumour
shrinkage after a change of chemotherapy regimen because of an
unsatisfactory response to ddAC.

MATERIALS AND METHODS

Patients. Patients between 18 and 70 years of age were included
when invasive ERþ HER2� breast cancer was present, that was
either 43 cm in size or was associated with at least one tumour-
positive axillary lymph node. Both tumours of the surrogate
intrinsic subtypes luminal A and luminal B were offered
neoadjuvant chemotherapy; we have shown previously that major
response can be observed in luminal A tumours as well (Lips et al,
2012). When bilateral cancer was found, the larger tumour was
used for this analysis. A previous diagnosis of invasive breast
cancer was a reason for exclusion. Only patients who received
initial chemotherapy consisting of ddAC were included.

All patients either took part in a single-institution clinical trial,
which was approved by the ethical committee, or were treated off

study according to the standard arm of the trial. All patients
included in the clinical trial gave written informed consent, all
other patients consented orally.

Treatment. All patients began neoadjuvant chemotherapy with
three courses of ddAC (doxorubicin 60mgm� 2 and cyclopho-
sphamide 600mgm� 2 on day 1, every 14 days, with
PEG-filgrastim on day 2) between 2004 and 2012. Three courses
of docetaxel and capecitabine (DC, docetaxel 75mgm� 2 on day 1,
every 21 days and capecitabine 2� 1000mgm� 2 on days 1–14)
were administered when an ‘unfavourable response’ was detected
by MRI evaluation after the three initial courses. When a
‘favourable response’ was achieved, three further courses of ddAC
were administered.

Following chemotherapy, all patients underwent surgery (either
mastectomy or breast-conserving therapy), radiation therapy when
indicated and at least 5 years of endocrine treatment according to
national guidelines.

MRI technique and assessment. Contrast-enhanced MRI
monitoring was performed as described previously (Loo et al,
2008, 2011). Briefly, images were acquired with the patient in prone
orientation using a dedicated breast coil and with both breasts
imaged. The standard dynamic protocol started with an un-
enhanced coronal three-dimensional fast-field echo (thrive)
T1-weighted sequence. A bolus (14ml) of gadolinium-containing
contrast (0.1mmol kg� 1) was administered intravenously at
3ml s� 1 using a power injector followed by a bolus of 30ml of
saline solution. Subsequently, dynamic imaging was performed in
five consecutive series at 90-s intervals. Temporal and morphologic
characteristics of contrast uptake were assessed as described
previously.

Response criteria: MRI. Contrast-enhanced MRI was performed
before chemotherapy (baseline), after three courses of chemother-
apy (interim) and after six courses of chemotherapy (post-
chemotherapy). The criteria for either a ‘favourable’ or an
‘unfavourable’ response were applied as published (Loo et al,
2008). Reduction of more than 25% in the largest diameter of the
tumour at late enhancement on the interim MRI relative to the
baseline MRI was regarded as a ‘favourable’ response. All other
responses were classified as ‘unfavourable’. The largest tumour
diameter was assessed in three reformatted planes by one of four
experienced breast MR radiologists (CL, HW, PD, AB). The initial
enhancement and late enhancement were individually measured.
The total area of breast tissue including non-enhancing tissue was
used in case of multifocal disease or a diffuse (non-mass) tumour.
The reduction in largest tumour diameter at initial enhancement
was calculated by dividing the difference in tumour diameter
between interim and baseline MRI by the tumour diameter at
baseline MRI.

Response criteria: microscopy. Three common definitions of
pCR were used: no residual invasive tumour in the breast (ypT0/is
ypN0/þ ); no residual invasive tumour in both the breast and the
lymph nodes (ypT0/is ypN0); and the absence of any tumour
(invasive or non-invasive) in breast and lymph nodes (ypT0 ypN0).

Survival analysis. Relapse-free survival (RFS) was also used as an
end point and was defined as the length of time from the first
treatment to local or distant relapse or death by any cause.
Ipsilateral ductal carcinoma in situ, contralateral breast cancer and
second primary invasive cancer were not regarded as ‘events’ for
this analysis.

Staging. As substantially more clinical lymph node staging
information was available than is used for the clinical N-staging
according to the UICC, we adapted the N-stage to match a more
detailed method. A negative sentinel node was assigned stage cNa;
positive sentinel node stage cNb; non-palpable and fine-needle
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aspiration (FNA)-positive node stage cNc; axillary palpable and
FNA-positive stage cNd; and periclavicular and FNA-positive stage
cNe.

Immunohistochemistry. On average, three ultrasound-guided
pre-treatment core biopsies of the primary tumour were taken
using a 14G core needle, after which two biopsies were snap-frozen
in liquid nitrogen and stored at � 801C for molecular analysis and
one biopsy was formalin-fixed and embedded in paraffin for
classification and immunohistochemistry (IHC). Oestrogen recep-
tor and progesterone receptor (PR) were evaluated as positive
when at least 10% of tumour cells showed nuclear staining. Human
epidermal growth factor receptor 2 status was scored negative
when IHC showed no or only weak or incomplete membranous
staining (score 0 or 1þ ) or chromogenic in situ hybridisation
revealed no amplification after moderate membrane staining (score
2þ ). Ki-67 was used for assessment of proliferation status and to
assess surrogate intrinsic subtypes (Goldhirsch et al, 2011). The
Mib-1 antibody was used for determination of Ki-67 status, using
the cutoff point of 14% of positive staining. This cutoff point was
determined as it yielded the best separation of luminal A and
luminal B tumours, as defined by the PAM50 algorithm in the
subgroup of tumours of which mRNA expression arrays were
available. Ki-67 cutoff point was determined by preparing ROC
curves comparing results with PAM50 intrinsic subtypes (Parker
et al, 2009). As Ki-67 status was not determined for all tumours,
histological grade (when available) was also used for a second
definition of ‘surrogate intrinsic subtypes’ (Goldhirsch et al, 2011).
Histological grade was determined using the Elston and Ellis
method (Ellis et al, 1992). High endocrine responsiveness was
defined as at least 50% of the tumour cell nuclei stained positive,
for both ER and PR, in the absence of HER2 amplification
(Colleoni et al, 2009). Surrogate definitions of intrinsic subtypes
were used, based on IHC. ‘Luminal A’ tumours are ERþ and/or
PRþ , HER2� and have o14% of the nuclei staining positive for
Ki-67 (or, when based on histological grade, grade 1 or 2).
‘Luminal B (HER2� )’ tumours are ERþ and/or PRþ , HER2�
and Ki-67 X14% (or histological grade 3) (Goldhirsch et al, 2011).

Statistics. The software program SPSS version 20 (SPSS Inc.,
Chicago, IL, USA) was used for all analyses. For the assessment of
associations between characteristics and MRI response or pCR, the
Fisher’s exact test was used. Mann–Whitney U-tests were used for
the comparison of MRI measured tumour size reduction
percentage and potential predictive markers. Relapse-free interval
analysis was performed using Kaplan–Meier curves and Cox
regression analysis.

RESULTS

Patients. A total of 309 patients with ERþ HER2� breast cancer
began neoadjuvant chemotherapy with three courses of ddAC
between October 2004 and March 2012 (Table 1). Of these, 292
patients had an MRI after the first three courses and were evaluable
for response. The second chemotherapy regimen was selected
according to protocol in 275 patients. For 246 patients, all three
serial MRI measurements of the initial enhancement diameter were
reviewed (Table 1 and Figure 1). A total of 7 (2.8%) of all 246
patients achieved a pCR (ypT0 ypN0) after six courses. Additional
(postoperative) adjuvant chemotherapy was administered in
43 (17%) out of 246 patients (14 unfavourable responders,
29 favourable responders) and consisted usually of taxane
treatment (12 weekly administrations of paclitaxel, 80mgm� 2

when the patient was taxane-naive). The median follow-up was 35
months with a lead follow-up of 98 months. The 5-year relapse-
free survival for all 246 patients was 87%, with an overall 5-year
survival of 96%.

Patient and tumour characteristics and interim MRI response.
All three MRI evaluations were available for 246 patients. One
hundred and sixty-four patients (67%) achieved a favourable
response as determined by the MRI criteria (over 25% decrease in
the largest tumour diameter of late enhancement) and 82 patients
(33%) had an unfavourable response after three courses of ddAC.

A favourable response was more often seen in patients with
positive N-stage (P¼ 0.011), but it was not more frequent in
incompletely endocrine-responsive tumours or in tumours of
higher grade or with higher Ki-67 (Table 2).

Table 1. Patient and tumour characteristics

Number of patients 246

Median age, (range) in years 48 (18–68)

Tumour stage

cT1 21
cT2 91
cT3 43
cT4 9

N–stage

cNa (negative) 49
cNb (FNA negative, sentinel node positive) 40
cNc (ultrasound-guided FNA positive) 50
cNd (palpable nodes, FNA positive) 98
cNe (FNA-positive periclavicular node(s)) 9

Histological grade

1 14
2 95
3 30
NSa 107

Histology

Ductal 190
Lobular 33
Ductal/lobular 6
Other 17

ER (%)

10–49 8
50–100 177
positiveb 5

PR (%)

0–49 108
50–100 132
ND (no PR (%) available) 6

Surrogate intrinsic subtype: based on Ki-67

Luminal A (ER/PRþ ; HER2� ; Ki-67 low) 128
Luminal B/HER2� (ER/PRþ ; HER2� ; Ki-67 high) 60
ND (no Ki-67 available) 58

Surrogate intrinsic subtype: based on histological grade

Luminal A (ER/PRþ ; HER2� ; grade 1 or 2) 109
Luminal B/HER2� (ER/PRþ ; HER2� ; grade 3) 30
ND (no reliable grade availablea) 107

Abbreviations: ER¼oestrogen receptor; FNA¼ fine-needle aspiration; HER2¼ human
epidermal receptor 2; ND¼not done; PR¼progesterone receptor.
aReliable estimation of histological grade is frequently not possible in small core biopsies.
bThe exact percentage was not available.
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Interim MRI response and outcome. In 246 patients, 18
pathologic complete remissions of the breast (7%) were observed,
7 complete remissions of both breast and axilla (3%) and 4
complete remissions of breast and axilla in the absence of residual
carcinoma in situ (2%). A favourable MRI response was associated
with a higher pCR rate than an unfavourable response (P¼ 0.04 for
ypT0/is ypN0/þ ), but the numbers were very small. Eight relapse
events (10%) occurred in the 82 unfavourably responding patients
and 16 relapses (10%) in the 164 favourably responding ones
(NS, P¼ 0.99) (Table 3).

Interim MRI response and serial MRI evaluation. The first three
courses of ddAC resulted in a mean tumour size reduction of 31%
in 164 favourable response patients, which was followed by three
more courses of ddAC. In 82 unfavourable response patients who
had achieved a mean tumour size reduction of only 12%, a switch
to the DC regimen was made.

The overall radiologic tumour size reduction percentage after six
courses of chemotherapy was higher in patients who had achieved
a favourable response on the interim MRI (56%) than in patients
who had not achieved a favourable response (35%). The fractional
reduction in tumour size as measured by MRI over the second set
of three courses, however, was similar for both the initially
favourable (34%) and the initially unfavourable (27%) responders
(Table 4 and Figure 2). Seven favourably responding tumours
had a radiologic CR on their second MRI, which – by definition –
resulted in a tumour size reduction of 0% after the second course
of ddAC.

Patient and tumour characteristics and outcome. The predictive
and prognostic impact of tumour characteristics was analysed with

pCR and RFS as end points (Table 5). Lower age was associated
with a higher pCR rate (ypT0/is) (10.2% vs 3.0%, P¼ 0.044). The
effect of age persisted when the end point was ypT0/is ypN0 but
was no longer significant when the strictest pCR definition was

ER+ HER2– patients
First regimen 3× ddAC

N = 309

MRI response evaluation
of the first three courses

N = 292 

Second regimen according to protocol
(favourable response; 3× ddAC,
unfavourable response; 3× DC)

N = 275

ER+ HER2– patients
Three MRI evaluations and chemotherapy

according to protocol
N = 246

MRI not evaluable /
MRI 3 not done

N = 29

Second regimen not
according to protocol

N = 17

MRI 1 or 2 not done /
response category not evaluable

N = 17 

Figure 1. CONSORT diagram showing MRI evaluations.

Table 2. Patient and tumour characteristics and interim MRI response
(after three courses of neoadjuvant chemotherapy)

MRI
favourable
response
(N¼164)

MRI
unfavourable
response
(N¼82)

Characteristic N (%) N (%) P-value
T-stage 0.885

cT1/cT2 112 (68) 57 (70)
cT3/cT4 52 (32) 25 (31)

N-stage 0.011

cN negative 25 (15) 24 (29)
cN positive 139 (85) 58 (71)

Histology 0.112

Lobular 26 (18) 7 (9)
Ductal 120 (82) 70 (91)
Other 18 5

Age (years) 0.412

o50 101 (62) 46 ((56)
X50 63 (38) 36 (44)

Endocrine responsiveness 0.585

Incomplete (ER or PR o50%) 74 (47) 35 (43)
High (ER and PR X50%) 83 (53) 46 (57)
ND 7 1

Surrogate intrinsic subtype
(Ki-67)

0.510

Luminal A (o14) 82 (66) 46 (72)
Luminal B (X14) 42 (34) 18 (28)
ND 40 18

Surrogate intrinsic subtype
(grade)

1.0

Luminal A (1/2) 73 (79) 36 (78)
Luminal B (3) 20 (22) 10 (22)
ND 71 36

Abbreviations: ER¼oestrogen receptor; MRI¼magnetic resonance imaging;
ND¼ not done; PR¼progesterone receptor. A reduction of over 25% of the late
enhancement diameter on the second contrast-enhanced MRI was regarded as a favourable
response (Loo et al, 2008).

Table 3. Association of interim MRI response after three courses of
neoadjuvant chemotherapy with outcome measures

% pCR % pCR % pCR

MRI response
category N

ypT0/is
ypN0/þ

ypT0/is
ypN0

ypT0
ypN0

RFS hazard
ratio (95% CI)

Favourable 164 10 4 2 Ref.

Unfavourable 82 2 1 1 0.995
(0.42–2.33)

P-valuea 0.04 0.43 1.0 0.99

Abbreviations: CI¼ confidence interval; pCR¼pathologic complete remission;
RFS¼ relapse-free survival; ypT0/is ypN0/þ ¼ no residual invasive tumour in the breast;
ypT0/is ypN0¼ no residual invasive tumour in breast and lymph nodes; ypT0 ypN0¼ the
absence of any tumour (invasive or non-invasive) in breast and lymph nodes.
apCR, Fisher’s exact test; RFS and Cox regression analysis.
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used (ypT0 ypN0). The relapse-free survival was only affected by
age, resulting in a worse prognosis when diagnosed over the age of
50 years (HR 3.5 (95% CI: 1.5–8.3), P¼ 0.004). The use of
surrogate intrinsic subtypes gave inconclusive results. The luminal
B subtype based on grade was associated with a higher pCR rate
(ypT0/is, 16.7% vs 4.6%, P¼ 0.038). There was no difference in
relapse-free survival between surrogate intrinsic subtypes based on
grade. Surrogate intrinsic subtypes based on Ki-67 resulted in a

higher pCR rate (ypT0/is) for luminal B tumours (P¼ 0.056) but in
a worse relapse-free survival rate (HR 2.8 (95% CI: 1.0–8.1),
P¼ 0.049).

Surrogate intrinsic subtypes. Tumours were classified as either
surrogate luminal A or surrogate luminal B; the distinguishing
feature between these was either the Ki-67 staining percentage or,
alternatively, histological grade (I/II vs III) (Goldhirsch et al, 2011).
The optimal Ki-67 cutoff point for differentiating the luminal A
and luminal B surrogate intrinsic subtypes was determined in 60
tumour samples, of which both the Ki-67 percentage and the
PAM50 intrinsic subtype definition (determined by mRNA
expression microarray analysis) was available. Any cutoff point
between 10 and 15% yielded essentially the same result and the
usual cutoff of 14% was therefore used. Cohen’s k was calculated to
establish the degree of concordance between the two definitions
of surrogate luminal A and luminal B vs the PAM50 classifier.
The k values were 0.48 and 0.31 for Ki-67% and histological grade,
respectively.

DISCUSSION

The use of adjuvant or neoadjuvant chemotherapy in ERþ
HER2� breast cancer (‘luminal tumours’) is challenging. It is clear
that this subgroup of breast cancers includes tumours that are not
responsive to chemotherapy (Goldhirsch et al, 2011) and even
those that only infrequently achieve a pCR. As a group, however,
the luminal subtype does derive benefit from (neo)adjuvant
chemotherapy, including an important survival advantage (Peto
et al, 2012). One strategy to improve the efficacy of chemotherapy

Table 4. Mean MRI tumour size reductions by chemotherapy regimen
adaptation

MRI response
category N

Tumour
size

reduction
(%)

Courses 1,
2 and 3

MRI 1 vs 2
(mean %)

Tumour
size

reduction
(%)

Courses 4,
5 and 6

MRI 2 vs 3
(mean %)

Overall
tumour
size

reduction
(%)

MRI 1 vs 3
(mean %)

Favourable
(6�ddAC)

164 31 34a 56

Unfavourable
(3�ddAC, 3�DC)

82 12 27 35

Abbreviations: DC, docetaxel-capecitabine; ddAC¼dose-dense doxorubicin and cyclo-
phosphamide; MRI¼magnetic resonance imaging. Patients were evaluated by three MRIs;
MRI 1: baseline, before neoadjuvant chemotherapy, MRI 2: interim, after three courses of
ddAC, MRI 3: postchemotherapy, after three courses of ddAC or after three courses of DC.
aN¼ 157 for the reduction percentage on MRI 2 vs 3 of favourable responders, because
seven patients had achieved a complete remission on MRI 2 and were not used for the
calculation of this percentage.
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Figure 2. Waterfall plots of the MRI tumour size reductions before and after MRI response evaluation. Each bar represents one of the 246
patients who had three MRI measurements of the breast tumour (initial enhancement diameters). (A and B) Tumour size reduction in 164
favourable responders to the first three courses of ddAC (A), and to the second three courses of ddAC (B). (C and D) Tumour size reduction of 82
unfavourable responders to the first three courses of ddAC (C), and to the three courses of DC (D).The tumour size reductions after the first three
courses are – by definition – smaller for the ‘unfavourable responders’ than for the ‘favourable responders’. Over courses 4 through 6, after
regimen adaptation in case of unfavourable response, the tumour size reductions are similar for the two response categories (P¼ 0.157).
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could be, at least in theory, neoadjuvant chemotherapy with
adaptation of the regimen to the response of the primary tumour.

We have reviewed our single-institution experience of neoadju-
vant chemotherapy in ERþ HER2� tumours, unselected for
(other) biological features. The treatment strategy consisted of
initial chemotherapy with three courses of ddAC with a response
adapted approach; if a satisfactory response was achieved, as
defined by at least a 25% decrease of the late enhancement
diameter on MRI, the ddAC was continued to a total of six courses.
If not, the treatment plan was changed to three courses of DC, a
combination of a taxane and an antimetabolite (docetaxel and
capecitabine). A total of 309 patients was started on this approach
and 246 patients were evaluated by three serial MRIs. Here, we
describe the efficacy of this strategy in relation to the character-
istics of the primary tumours.

Our neoadjuvant program has a non-randomised design, with
the primary objectives to develop tests that are predictive of
response and to refine the techniques to monitor response during
treatment. Contrast-enhanced MRI, although the best imaging
method currently available to evaluate primary breast cancer (Yeh
et al, 2005; Shin et al, 2011) was shown not to be a very reliable
predictor of pathologic response (Loo et al, 2011). Nevertheless, an
‘unfavourable response’ on the interim MRI was associated with a
lower rate of pCR of the breast (ypT0/is) (Table 3). For other pCR
definitions and for relapse-free survival, the results in the initially
favourable responder group were similar to those of the initially
unfavourable responder group, which switched to the presumably
non-cross-resistant regimen.

The validity of this adaptive strategy cannot be established from
our non-controlled study, but some support for the concept has
been presented in a recent analysis of the German Breast Group
(von Minckwitz et al, 2013). We did, however, obtain serial MRI

measurements before the initiation of chemotherapy, and also after
three and six courses. If the switch to a docetaxel-based regimen in
unfavourably responding patients would indeed be effective, one
would expect more shrinkage of the tumour between the interim
and postchemotherapy MRI in this group than had been observed
between the baseline and the interim MRI. This is indeed what was
found (Table 4 and Figure 2).

Unsurprisingly, the reduction in diameter of the breast tumour
at initial enhancement after the first three courses of ddAC was less
(12%) in the unfavourably responding patients than in the
responding ones (31%), as the ‘unfavourable’ group was defined
by a closely related MRI parameter, the reduction in diameter of
the tumour at late enhancement. The second set of three courses,
however, led to 27% shrinkage in the previously unfavourably
responding patients, which is comparable to the initial shrinkage in
favourable responders (31%) and the second set of three courses in
the initially favourable responders (34%). Apparently, DC was able
to induce a satisfactory response, when ddAC was not (Figure 2).
The average total percentage of tumour shrinkage remained lower
in the initially unfavourable responders (35%) than in the
favourable responders (56%), despite the efficacy of the alternative
chemotherapy regimen. This could very well be the result of having
received only three effective courses of chemotherapy, whereas the
(initially) favourable responders had received six effective courses,
with a percentage of tumour shrinkage during the second set of
three courses (34%) that was similar to that of courses 1 through 3
(31%). If this explanation is correct, one might consider extending
the DC therapy in initially unfavourable responders to six rather
than three courses, to obtain a similar total reduction in tumour
size. Evaluation of such a strategy will require randomised studies.

Alternative explanations for the apparent efficacy of the
adaptive strategy are, of course, conceivable. For example, some

Table 5. Associations of pre-treatment patient and tumour characteristics with outcome measures

Characteristic N
% pCR
ypT0/is P-value

% pCR
ypT0/is ypN0 P-value

% pCR ypT0
ypN0 P-value

RFS hazard
ratio (95% CI) P-value

T-stage 0.196 0.681 0.591 0.447

cT1/cT2 169 8.9 2.4 1.2 1.0
cT3/cT4 77 3.9 3.9 2.6 0.7 (0.3–1.8)

N-stage 1.0 0.629 1.0 0.315

cN negative 49 6.1 4.1 2.0 1.0
cN positive 197 7.6 2.5 1.5 1.9 (0.6–6.3)

Histology 0.704 1.0 0.383 0.906

Lobular 33 3.0 3.0 3.0 0.9 (0.3–3.1)
Ductal 190 7.4 2.6 1.1 1.0

Age (years) 0.044 0.044 0.151 0.004

o50 147 10.2 4.8 2.7 1.0
X50 99 3.0 0.0 0.0 3.5 (1.5–8.3)

Endocrine responsiveness 0.317 1.0 1.0 0.686

Incomplete 109 9.2 2.8 0.9 1.2 (0.5–2.6)
(ER or PR o50%)
High 129 5.4 2.3 1.6 1.0
(ER and PR X50%)

SIS (Ki-67) 0.056 0.329 0.239 0.049

Luminal A (o14) 128 3.9 1.6 0.8 1.0
Luminal B (X14) 60 11.7 5.0 3.3 2.8 (1.0–8.1)

SIS (grade) 0.038 0.115 0.203 0.992

Luminal A (1/2) 109 4.6 2.8 1.8 1.0
Luminal B (3) 30 16.7 10.0 6.7 1.0 (0.3–3.7)

Abbreviations: CI¼ confidence interval; pCR¼pathologic complete remission; RFS¼ relapse-free survival; SIS, surrogate intrinsic subtype; ypT0/is¼ no residual invasive tumour in the breast;
ypT0/is ypN0¼no residual invasive tumour in breast and lymph nodes; ypT0 ypN0¼ the absence of any tumour (invasive or non-invasive) in breast and lymph nodes.
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tumours (perhaps slowly proliferating ones) could require more
time than others to shrink in size but could, given time, eventually
achieve the same reduction in size as more rapidly responding
ones. This could be an alternative explanation for the data in
Table 2. We have, however, found very few differences between the
tumours with favourable and unfavourable responses after three
courses of ddAC (Table 2). In contrast to what one might expect,
unfavourable response tumours did not contain more low-grade or
‘highly endocrine-responsive’ tumours. There was no prognostic
impact of the early responsiveness, although such an effect could
possibly have been obscured by the administration of additional,
postsurgical adjuvant chemotherapy. However, the percentage of
patients receiving additional chemotherapy was equal in the two
response categories: 14 (17%) of the 82 unfavourable responders
and 29 (18%) of the 164 favourable responders.

For the whole group, the neoadjuvant chemotherapy regimen
and strategy performed close to what one would expect based on
the results of others. For instance, the predicted pCR percentage
was consistent with the prediction by the nomogram published by
Colleoni et al (2010). This model is based on three characteristics
of the tumour, the percentage of ER, PR and Ki-67, and the
number of chemotherapy courses administered.

An important question is how the adaptation strategy could be
optimised. First of all, the methods to monitor response need
refining. Magnetic resonance imaging results are unreliable to
predict pCR in this subgroup (Loo et al, 2011). Recently published
data from our group (Koolen et al, 2013) and from others suggest
that the addition of or combination with PET/CT could improve
the accuracy of the response evaluation (Tateishi et al, 2012). In
addition, more appropriate outcome measures than pCR should be
defined for ‘luminal’ tumours, that can be assessed in a replicable
manner after the completion of local treatment, and that correlate
robustly with relapse-free survival. Even if the pCR, regardless of
its definition, would be predictive of survival, the rate of occurrence
is so low that it would be of little use in ERþ HER2� breast
cancer.

In conclusion, this analysis of a series of consecutive patients
who underwent neoadjuvant chemotherapy using a response-
adapted chemotherapy approach suggests that a change in
chemotherapy regimen may still be effective when the initial
chemotherapy is not. It thereby supports an analysis of the
cumulative data from the German Breast Group that suggested a
survival advantage for a switch of chemotherapy regimen in non-
responding patients. If correct, a response adaptive chemotherapy
selection in the neoadjuvant setting might further improve the cure
rate of patients with larger breast cancers, underscoring the need
for controlled trials of this approach.
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