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Table 3 Prediction of pCR using (a) simple logistic regression model, (b) multiple logistic regression model with Ki67

Factor # pat # 1es OR 95 %CI p value
(a)
Age
<49 248 56 0.880 0.577-1.343 0.5534
>50 229 57 1
Initial tumor size
<2.0 29 7 1.047 0.409-2.682 0.9919
2.1-4.0 315 75 1.028 0.637-1.659
>4.1 133 31 1
Axillary lymph node
Positive 268 62 0.932 0.610-1.426 0.7467
Negative 209 51 1
Menopausal status
Pre 266 60 0.868 0.568-1.326 0.5135
Post 211 53
Stage
IMla 54 211 1.849 0.8184.179 0.3355
IIb 51 215 1.671 0.738-3.786
I 8 51 1
Nuclear grading
Gl 78 9 0.240 0.112-0.517 <.0001
G2 229 46 0.463 0.293-0.731
G3 162 57 1
ER and/or PgR
Positive 327 58 0.265 0.167-0.422 <.0001
Negative 116 52 1
HER2
Positive 62 33 4.552 2.604-7.958 <.0001
Negative 380 76 1
Baseline of Ki67 (%)
>10 299 95 4572 2.348-8.903 <.0001
<10 119 11 1
Continuous 418 1.043 1.027-1.059 <.0001
TP-CI
14+,24,3+ 282 - 73 1.715 0.851-3.456 0.1316
0 65 11 1
2+,3+ 119 33 1.332 0.801-2.213 0.2690
0, 1+ 228 51 1
TP-SI
14+,2+4,3+ 324 84 4.025 0.929-17.438 0.0627
0 25 2 1
24,34+ 197 59 1.979 1.182-3.315 0.0095
0, 1+ 152 27 1
OR 95 %CI p value Sensitivity specificity ROC (95 % CI) Contrast with final model
1))
Grading
1 0.312 0.129-0.756 0.0027 Random cv Apparent
2 0.461 0.274-0.773 Sen: 0.8113 0.7510
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Table 3 continued

OR 95 %CI p value Sensitivity specificity ROC (95 % CI) Contrast with final model
3 1 (0.6034, 0.8958) (0.6999, 0.8021)
ER and/or PgR
Positive 0.384 0.230-0.642 0.0003
Negative 1 Spe: 0.6097 Random cv
HER2
Positive 3.816 2.056-7.081 <.0001 (0.5517, 0.7391) 0.7353
Negative 1 (0.6664, 0.7901)
Grading
1 0.402 0.163-0.991 0.00281 Random cv Apparent Apparent
2 0.536 0.316-0.909 Sen: 0.8000 0.7657 0.0147
3 1 (0.6599, 0.8889) (0.7172, 0.8143) (—0.0055, 0.0350)
ER and/or PgR
Positive 00.413 0.247-0.692 0.0008
Negative 1 Spe: 0.6458
HER2
Positive 3.522 1.890-6.563 <.0001 (0.5792, 0.7452) Random cv Random cv
Negative 0.7489 0.0168
Ki67 (%)
>10 2.718 1.331-5.549 0.0061 (0.6827, 0.7986) (—0.0303, 0.041)
<10 1
Grading
1 0.418 0.169-1.035 0.0298 Random cv Apparent Apparent
2 0.530 0.312-0.900 Sen: 0.8333 0.7774 0.0264
3 1 (0.6735, 0.9400) (0.7289, 0.8259) (0.0015, 0.0513)
ER and/or PgR
Positive 0.447 0.265-0.754 0.0026
Negative 1 Spe: 0.6344 Random cv Random cv
HER2
Positive 3.794 2.038-7.065 <0.0001 (0.5063, 0.7713) 0.7607 0.0274
Negative 1 (0.6993, 0.8099) (—0.0175, 0.0596)
Ki67 (continuous) 1.031 1.014-1.048 0.0004

#pat number of patients, #res number of responders, CI confidence interval, ER estrogen receptor, HER2 human epidermal growth factor receptor

2, OR odds ratio, PgR progesterone receptor, TP-CI thymidine phosphorylase, interstitial, 7P-SI thymidine phosphorylase, stromal

ER estrogen receptor, HER2 human epidermal growth factor receptor 2, PgR progesterone receptor, OR odds ratio

95 % CI 0.941-0.993; p = 0.0125), pCR, and post-treat-
ment Ki67LI (pCR/Ki67 <10/>10: HR 0.269, 95 % CI
0.110-0.655; p = 0.0038) were all significantly associated
with DFS (Table 4).

Safety profile

The frequency of major adverse events (>grade 3) of
docetaxel/capecitabine and docetaxel group were as fol-
lows: leukopenia (36 and 34 %, respectively), neutropenia
(38 and 34 %, respectively), febrile neutropenia (8 and
5 %, respectively), and hand-foot syndrome (15 and 2 %,
respectively). Docetaxel/capecitabine was associated with
more capecitabine-related toxicity, including hand-foot

syndrome, nausea, mucositis, and increased alanine ami-
notransferase. Six serious adverse events were reported for
3 patients in the docetaxel/capecitabine group (pneumon-
itic cough, muscle pain, neutropenia fever) and 3 patients
in the docetaxel group (suicide, loss of eyesight of left eye,
hematological toxicity). The event of suicide in the doce-
taxel alone group occurred after completion of treatment
and was considered as unrelated to study treatment.

Discussion

We have presented results from a randomized study com-
paring preoperative capecitabine/docetaxel with docetaxel
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Table 4 Hazard ratio for disease-free survival using a multiple cox
model in landmark analysis

Factors

HR

95 % CD

p value

The final model
Stage
IMa
IIb
1
ER and/or PgR
Positive
Negative
TP-CP
Continuous
Extended model 1
Stage
I/Mla
IIb
I
ER and/or PgR
Positive
Negative
TP-CP
Continuous
pCR
Responder
Nonresponder
Extended model 2
Stage
I/Ma
IIb
I
ER and/or PgR
Positive
Negative
TP-CP
Continuous
Treatment
Completion
Reduction
Discontinuation
Extended model 3
Stage
I/1la
IIb
111
ER and/or PgR
Positive
Negative
TP-CP
Continuous

0.160
0.390

0.468

0.974

0.170

0.360

0.327

0.975

0.191

0.133
0.308

0.441

0.974

0.633
1.125

0.134
0.309

0.439

0.974

0.059-0.436
0.170-0.893

0.235-0.932

0.953-0.996

0.065-0.444

0.165-0.787

0.160-0.670

0.954-0.997

0.052-0.696

0.051-0.349
0.134-0.706

0.221-0.878

0.953-0.996

0.209-1.917
0.339-3.729

0.051-0.350
0.135-0.706

0.220-0.878

0.953-0.996

0.0016

0.0308
0.0193

0.0011

0.0023

0.0253

0.0121

0.0002

0.0198

0.0199

0.3560

0.0002

0.0200

0.0183
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Table 4 continued

Factors

HR

95 % CI)

p value

Treatment
Completion
Otherwise

Extended model 4

Stage
IMla
b
Jiis

ER and/or PgR
Positive
Negative

TP-CP
Continuous

p CR & PostKi67
Responder
PostKi67 < 10
PostKi67 =10

Extended model 5

Stage
IMla
Ib
1

ER and/or PgR
Positive
Negative

TP-CP
Continuous

PCR & PostKi67
Responder
PostKi67 < 10
PostKi67 = 10

Extended model 5

Stage
IMa
1Ib
I

ER and/or PgR
Positive
Negative

TP-CP
Continuous

0.584

0.153
0.279

0.577

0.967

0.137
0.388

0.144
0.264

0.756

0.966

0.269

0.200

0.264

0.385

0.970

0.278-1.226

0.056-0.419
0.116-0.673

0.229-1.454

0.941-0.993

0.034-0.549
0.143-1.052

0.051-0.404
0.107-0.651

0.334-1.712

0.941-0.993

0.110-0.655

0.072-0.561

0.103-0.676

0.152-0.977

0.943-0.997

0.1554

0.0006

0.2433

0.0144

0.0140

0.0006

0.5030

0.0125

0.0038

0.0031

0.0445

0.0301

ER estrogen receptor, HER2 human epidermal growth factor receptor
2, PgR progesterone receptor, OR odds ratio, TP-CP thymidine

phosphorylase, plasma

alone after FEC in early-stage breast cancer, and have
identified Ki67 as a predictive biomarker that may be used
to identify patients likely to respond to this neoadjuvant

regimen.
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In contrast to previous reports, we observed no differ-
ence in the pCR rate between the docetaxel/capecitabine
and the docetaxel group. Our observation was similar to
that from the GeparQuattro study, in which docetaxel/
capecitabine did not improve pCR rate in comparison to
docetaxel after epirubicin/cyclophosphamide treatment in
the neoadjuvant setting [21]. Although a 16 % pCR rate
was expected in the docetaxel group based on previous
observations [5], the pCR rate in our study was higher
(24 %). The variation in clinical outcome may be attributed
to the currently limited means with which to select patient
subpopulations most likely to respond to a given treatment
regimen.

The docetaxel/capecitabine regimen was less well tol-
erated than docetaxel alone, with withdrawal rates of 22.2
and 5.5 % and dose reduction rates of 33.1 and 5.9 %,
respectively. Despite treatment withdrawals and dose
reductions, achievement of higher pCR rates in the doce-
taxel/capecitabine group in comparison to the docetaxel
group in this subpopulation suggests that dose reduction
does not negatively impact capecitabine efficacy. Our data
confirms a similar observation in a MBC study, which
reported no significant effect on efficacy when dose
reduction occurred in 65 and 36 % of patients receiving the
docetaxel/capecitabine regimen and docetaxel alone,
respectively. However, an increased risk of disease pro-
gression was seen in patients with a dose reduction to 50 %
of the starting dose in the docetaxel group (HR 1.91) [15].
As reported by other groups [22], our data demonstrate that
the capecitabine dose can be reduced to minimize adverse
effects without compromising efficacy. It was, however,
interesting to observe that patients who discontinued or
received a dose reduction in the docetaxel/capecitabine
group achieved a higher pCR compared with the docetaxel
alone group, while there was no difference in pCR between
both groups in patients that completed the study at the
original dose. Although the reason for this observation is
unclear, the observation that the relative dose intensity for
docetaxel was significantly lower in the combination arm
compared with the single agent docetaxel arm may at least
in part, account for the lack of difference in pCR. In
addition, levels of toxicity may have had an impact on drug
delivery and thus, pCR.

In addition to comparing the efficacy of neoadjuvant
docetaxel/capecitabine with docetaxel alone, our study also
sought to identify biomarkers that can identify patients
likely to respond to treatment with docetaxel/capecitabine
in early-stage breast cancer. Previously identified bio-
markers, such as nuclear grading, ER and/or PgR status,
HER? status and Ki67, correlated with pCR in our study, as
in other published studies [23]. Of particular interest was
pre-treatment Ki67LI, which had a strong correlation with
PCR and added to the predictive value of the multivariate

logistic regression model. Indeed, data from several other
studies suggest that high Ki67 levels in breast cancer are a
predictive factor for pCR rate [5, 24-27]. This effect was
present in our study, as patients with >10 % pre-treatment
Ki67LI achieved a higher pCR rate in both the docetaxel/
capecitabine (32.6 %) and docetaxel alone (31 %) groups,
in comparison to patients with <10 % pre-treatment
Ki67LI (pCR rates 6.5, 12.3 %, respectively). These find-
ings support the suggestion that detection of pre-treatment
Ki67LI could identify patients most likely to benefit from
neoadjuvant chemotherapy. The prognostic value of Ki67
was also confirmed in our study, as post-treatment Ki67LI
and pCR were significantly associated with DFS using a
multiple Cox model in a landmark analysis. Thus, prog-
nostic and predictive value was detected for Ki67, showing
it to be a feasible marker for development of individualized
treatment options for early-stage breast cancer patients.

To our knowledge, this is the first multicenter randomized
study showing that assessment of pre- and post-treatment
Ki67 may be a useful tool in predicting pCR and DFS with
neoadjuvant docetaxel treatment with or without capecita-
bine in patients with early-stage breast cancer. Although
further studies are required, our data suggests that the routine
detection of the Ki67 proliferation marker in early-stage
breast cancer could be a useful prognostic tool for the
identification of patients most likely respond to preoperative
docetaxel with or without capecitabine. As such, in addition
to the current leading parameters (ER, PgR, and HER2
status), we propose that Ki67 should be included in the list of
required routine biological markers that are used to define
treatment recommendations in patients with early-stage
breast cancer. Indeed, detection of predictive biomarkers
prior to chemotherapy is likely to prove to be of the greatest
advantage for neoadjuvant chemotherapy.
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