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/ABSTRACT

Background. In the neoadjuvant setting, changes in the pro-
liferation marker Ki67 are associated with primary endocrine
treatment efficacy, but its value as a predictor of response to
chemotherapy is still controversial.

Patients and Methods. We analyzed 262 patients with central-
ized basal Ki67 immunohistochemical evaluation derived from 4
GEICAM (Spanish Breast Cancer Group) clinical trials of neoadjuvant
chemotherapy for breast cancer. The objective was to identify the
optimal threshold for Ki67 using the receiver-operating character-
istic curve method to maximize its predictive value for chemother-
apy benefit. We also evaluated the predictive role of the defined
Ki67 cutoffs for molecular subtypes defined by estrogen receptor
(ER) and human epidermal growth factor receptor 2 (HER2).
Results. A basal Ki67 cutpoint of 50% predicted pathological
complete response (pCR). Patients with Ki67 >50% achieved a

pCR rate of 40% (36 of 91) versus a pCR rate of 19% in patients
with Ki67 =50% (33 of 171) (p = .0004). Ki67 predictive value
was especially relevant in ER-HER2— and ER-HER2 + patients
(pCR rates of 42% and 64%, respectively, in patients with Ki67
>50% versus 15% and 45%, respectively, in patients with Ki67
=50%; p = .0337 and .3238, respectively). Both multivariate
analyses confirmed the independent predictive value of the
Ki67 cutpoint of 50%.

Conclusion. Basal Ki67 proliferation index >50% should be
considered an independent predictive factor for pCR reached
after neoadjuvant chemotherapy, suggesting that cell pro-
liferationisa phenomenon closely related to chemosensitivity.
These findings could help to identify a group of patients with a
potentially favorable long-term prognosis. The Oncologist
2016;21:150-155

Implications for Practice: The use of basal Ki67 status as a predictive factor of chemotherapy benefit could facilitate the
identification of a patient subpopulation with high probability of achieving pathological complete response when treated with
primary chemotherapy, and thus with a potentially favorable long-term prognosis.

INTRODUCTION

In breast cancer, Ki67 immunohistochemical (IHC) determination
is the most widely used biomarker of cell proliferation. Despite
this, Ki67 status is not considered a robust prognostic or predictive
factor because of the limited reproducibility of results, the
variability in cutpoints used, and the different clinical scenarios in
which it has been studied. Thus, it has not been recommended asa
predictive factor in common clinical practice [1].

The role of Ki67 as a predictive factor of response to
neoadjuvant hormone therapy has been well-established
[2, 3]. However, its value is less obvious in the prediction
of response to neoadjuvant chemotherapy [4, 5]. Several
retrospective studies have associated high levels of Ki67 with
higher pathological complete response (pCR) rates [6-11].
However, other studies have failed to confirm these data
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[12, 13]. This inconsistency could be related to the fact that in
nearly all studies the choice of cutpoints to define high Ki67 levels
has been based on empirical observations without any biological
justification or proper statistical approach. A wide range of high
Ki67 levels has been communicated, with the cutpoint of 10% to
25% being the most commonly used [14]. In addition, its predic-
tive role regardless estrogen receptor (ER) and human epidermal
growth factor receptor 2 (HER2) status has not been ascertained.

The main objective of this study was to analyze the pre-
dictive role of Ki67 for neoadjuvant chemotherapy efficacy.
Our investigation was based on data from four clinical trials
carried out by GEICAM (the Spanish Breast Cancer Group).
First, we identified the optimal cutpoint of Ki67 to maximize its
predictive value; then, we evaluated the predictive role of Ki67
in relation to ER and HER2 status.

PATIENTS AND METHODS

Study Population

We analyzed the data from 262 patients with available
centralized Ki67 IHC determination and pathological response
data, derived from four GEICAM clinical trials of neoadjuvant
chemotherapy for breast cancer: GEICAM/2002-01 (34 patients,
all subtypes), GEICAM/2003-03 (32 patients, HER2 overex-
pressed), GEICAM 2006-03 (119 patients, luminal subtype
[defined by IHC as ER+ and/or progesterone receptor (PR)+,
HER2—] and triple-negative subtype [ER—, PR—, HER2—]),
and GEICAM/2006-14 (77 patients, HER2 overexpressed). In
all these trials, patients were treated with anthracycline and
taxane-based neoadjuvant chemotherapy; anti-HER2 therapy
(trastuzumab or lapatinib) was administered for most patients
with HER2 overexpression (Table 1). Detailed descriptions of
these trials have been published elsewhere [15-19]. The 262
patients involved represented 73% of the 361 patients partici-
pating in the four trials combined. These trials were performed
in accordance with the Declaration of Helsinki, approved by the
ethics committees at all participating institutions (supplemental
online Table 3) and the Spanish Health Authority, and registered
at http://www.clinicaltrials.gov (NCT00128856, NCT00129896,
NCT00432172, NCT00841828). All patients provided writ-
ten informed consent for trial participation and molecular
analyses.

IHC and/or Fluorescence In Situ Hybridization
Determination of Ki67, ER, PR, and HER2

Biomarker analysis was carried out by IHC and/or fluorescence
in situ hybridization (FISH) at a central laboratory on the avail-
able pretreatment tumor samples from those patients. We
performed immunostaining using formalin-fixed, paraffin-
embedded tissue sections as previously described [20].

Ki-67 was assessed using the mouse monoclonal antibody
(mADb) clone MIB1 (Dako, Glostrup, Denmark, http://www.dako.
com).TheKi67 proliferation index was defined as the mean of tumor
cells with marker expression, including the hot spots.

For ER and PR expression, sections were incubated with
primary mAb to ER: clone SP1 for GEICAM/2002-01 and GEICAM/
2006-03 (Dako), clone EP1 for GEICAM/2006-14 (Dako); mAb to
PR clone 1A6 (Novocastra, Leica Biosystems, Nussloch, Germany,
http://www.leicabiosystems.com) for GEICAM/2002-01, clone
PgR636 (Dako) for 2006-14, and clone Y85 (Vitro, Madrid, Spain,
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http://www.vitro.bio/) for GEICAM/2006-03. IHC determination
was performed by using the EnVision FLEX system (Dako). ER and
PR were scored with reference to the proportion of stained
tumor cells and were classified as positive according to American
Society of Clinical Oncology/College of American Pathologists
(ASCO/CAP) guidelines [21].

HER2 expression was determined by HercepTest (Dako) for
GEICAM/2002-01, GEICAM/2003-03, and GEICAM/2006-03, and
amplification was confirmed by PathVysion FISH probes (Abbott
Molecular, Des Plaines, IL, https://www.abbottmolecular.com/
us/home.html), following ASCO/CAP guidelines [22].

All assays were evaluated by three expert pathologists
(F.R., F.P, J.LA.A.) blinded to pathological response. Discrep-
ancies were solved by consensus between them.

Definition of pCR

We defined pCR on the basis of the Miller and Payne criteria [23]
as the complete disappearance of the invasive tumor in the
mammary gland (grade 5) and the absence of tumorin the axillary
lymph nodes examined by axillary clearance after neoadjuvant
therapy or negative sentinel node before the start of therapy.

Statistical Analysis

Receiver-operating characteristic (ROC) curve analysis was used
to determine the optimal cutpoint for Ki67 by calculating the
sensitivity and specificity indices corresponding to Ki67 cutpoints
selected for every 10 units (range, 1-100). Cutpoints divide the
study population into groups of high and low expression, which
we correlated with pCR. We considered the optimal cutpoint as
the one having the highest combined sensitivity and specificity
values [24]; we prioritized those with higher sensitivity indices
under equal circumstances. We then performed univariate
and multivariate logistical regression analyses to examine the
association between clinical-pathological variables and pCR.
Multivariate models included only variables that exhibited a
univariate association with the dependent variable, pCR (p < .25).
We used the area under the curve (AUC) parameter to evalu-
ate the model, including Ki67 and other clinical-pathological
variables, and to assess Ki67’s ability to discriminate between
patients with and without pCR. All analyses were performed by
using the Statistical Analysis System (SAS) Enterprise Guide 5.1
software (SAS Institute Inc., Cary, NC, https://www.sas.com/).

RESULTS

Patient Characteristics

Patients’ characteristics are described in Table 1. The median
age was 49 years, and 57% of patients were premenopausal.
Fifty-nine percenthad T2 stage disease, and 62% were clinically
node-positive. Most patients (84%) had an invasive ductal
carcinoma, whereas 6% had lobular and 10% other type. The
histological grade was mainly 2 (36%) or 3 (44%), ER positivity
was seen in 50% of tumors, and PR and HER2 negativity was
seen in 60% and 57% of cases, respectively. The distribution by
ER and HER2 status was as follows: ER+/HER2— tumors in 69
(26%) patients, ER+/HER2+ in 62 (24%) patients, ER—/
HER2+ in 51 (20%) patients, and ER—/HER2— in 80 (30%)
patients. The median proportion of cells stained for Ki67 was
30% (quartile 1, 15%; quartile 3, 65%). Supplemental online
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Table 1. Patient characteristics by pathological complete response in breast and axilla

Ki67 Predicts Response to Neoadjuvant Chemotherapy

pCR = yes pCR = no Total

Characteristic (n = 69) (n =193) (n = 262)
Study, n (%)

GEICAM 2002-01 3(8.8) 31(91.2) 34 (13.0)

GEICAM 2003-03 9(28.1) 23(71.9) 32 (12.2)

GEICAM 2006-03 27 (22.7) 92 (77.3) 119 (45.4)

GEICAM 2006-14 30(39.0) 47 (61.0) 77 (29.4)
Treatment, n (%)

EC-D 13 (16.7) 65 (83.3) 78 (29.8)

EC-DCb 14 (34.1) 27 (65.9) 41 (15.6)

EC-DL 11 (28.9) 27 (71.1) 38 (14.5)

EC-DH 19 (48.7) 20(51.3) 39 (14.9)

GAT 3(8.8) 31(91.2) 34(13.0)
Median age (range), yr 51 (30-77) 48.0 (24-75) 49.0 (24-77)
Menopausal status, n (%)

Premenopausal 35(23.6) 113 (76.4) 148 (56.5)

Postmenopausal 34 (29.8) 80(70.2) 114 (43.5)
Tumor size, n (%)?

T1 8 (40.0) 12 (60.0) 20 (7.6)

T2 43 (27.9) 111 (72.1) 154 (58.8)

T3 13 (19.7) 53 (80.3) 66 (25.2)

T4 5(22.7) 17 (77.3) 22 (8.4)

Median (range), cm 3(1.0-15.8) 4.1(0.8-13.0) 4 (0.8-15.8)
Nodal status, n (%)?

NO 22 (22.0) 78 (78.0) 100 (38.1)

N1 41 (29.7) 97 (70.3) 138 (52.7)

N2 6(26.1) 17 (73.9) 23(8.8)

N3 0(0.0) 1(100.0) 1(0.4)
Histologic grade, n (%)

G1 2(9.1) 20(90.9) 22 (8.4)

G2 18 (19.1) 76 (80.9) 94 (35.9)

G3, 41 (35.3) 75 (64.7) 116 (44.3)

GX 8(26.7) 22 (73.311.4) 30(11.4)
Histopathologic type, n (%)

Invasive ductal carcinoma 60 (27.2) 161 (72.8) 221 (84.4)

Invasive lobular carcinoma 3(18.8) 13 (81.2) 16 (6.1)

Other 6 (24) 19 (76) 25(9.5)
Estrogen receptor, n (%)

Positive 16 (12.2) 115 (87.8) 131 (50.0)

Negative 53 (40.5) 78 (59.5) 131 (50.0)
Progesterone receptor, n (%)

Positive 11 (10.3) 96 (89.7) 107 (40.8)

Negative 58 (37.4) 97 (62.6) 155 (59.2)
HER2, n (%)

Positive 40 (35.4) 73 (64.6) 113 (43.1)

Negative 29 (19.5) 120 (80.5) 149 (56.9)
Subtypes (ER/HER2 status), n (%)

ER-+/HER2— 1(1.4) 68 (98.6) 69 (26.3%)

ER+/HER2+ 15 (24.2) 47 (75.8) 62 (23.7%)

ER—/HER2+ 25 (49.0) 26 (51.0) 51 (19.5%)

ER—/HER2— 28 (35.0) 52 (65.0) 80 (30.5%)
Median Ki67 (range) (%) 60 (5-100) 30 (1-95) 30 (1-100)

#Tumor, node, metastasis staging according to the AJCC Cancer Staging Manual (5th edition).

Abbreviations: EC-D, epirubicin plus cyclophosphamide followed by docetaxel; EC-DCb, EC-D plus carboplatin; EC-DL, EC-D plus lapatinib; EC-DH, EC-D plus
trastuzumab; ER, estrogen receptor; GAT, gemcitabine, Adriamycin (doxorubicin; Hikma Pharmaceuticals PLC, London, UK, http://www.hikma.com/en), and
paclitaxel; GEICAM, Spanish Breast Cancer Group; HER2, human epidermal growth factor receptor 2; MDH, Myocet (doxorubicin hydrochloride; Teva Pharmaceutical
Industries Ltd., Petah Tikva, Israel, http://www.tevapharm.com), docetaxel, and trastuzumab; pCR: pathological complete response (breast and axilla).
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Figure 1 shows the distribution of the proportion of staining for
Ki67 in 10-expression intervals.

PCR Rates and ROC Curves

Of the 262 patients, 69 (26%) achieved pCR, similar to the rate
observedinthe whole population (85 of the 355 [24%)] patients
with available pathological CR dataincluded in the 4 trials). The
pCR rate was higher in small tumors, those with histological
grade 3, ER- or PR-negative tumors, and those with high Ki67
indices (Table 1).

Results based on ROC curve method showed that the Ki67
cutpoints with the highest combined sensitivity and specificity
values were 60 and 50, with 50% showing a higher sensitivity
index (data not shown). On the basis of this cutpoint (Ki67
>50%), high Ki67 was seen in 35% of patients (91 of 262)
included in this analysis. Fifty-three percent of the pCRs (36 of
69) were achieved in patients with Ki67 >50%, and 72% of
patients without pCR (138 0f 193) had tumors with Ki67 =50%.
Patients with Ki67 >50% achieved a pCR rate of 40% (36 of 91
cases) and patients with Ki67 =50% had a pCR rate of 19% (33
of 171 cases) (p = .0004) (Table 1).

Table 2 describes pCR rates according to ER and HER2 status
and Ki67 index. Only 1 of the 69 patients with ER+/HER2—
tumors (1.5%) achieved pCR. In contrast, 15 of the 62
ER+/HER2+ patients (24%), 28 of the 80 ER—/HER2— pa-
tients (35%), and 25 of the 51 ER—/HER2+ patients (49%)
achieved pCR.The 50% cutpoint of Ki67 predicted better pCRs,
specifically in patients with ER—/HER2 — (42% high versus 15%
low; p = .0337) and ER—/HER2+ (64% high versus 45% low;
p = .3238) tumors.

Univariate and Multivariate Analysis of pCR

Predictive Factors

The univariate analyses (supplemental online Table 1) showed
a statistically significant association between pCR and small
tumor size (considered as a continuous variable) (p = .0368),
high histological grade (p = .0185), ER— status (p = .0001),
PR— status (p < .0001), and HER2 + status (p = .0041). A high
proliferation level determined by Ki67 quantitative measure-
ment (odds ratio [OR]: 1.02; 95% confidence interval [CI]:
1.01-1.03; p < .0001) or by considering a Ki67 >50% (OR:
2.74; 95% Cl: 1.55-4.82; p = .0005) exhibited a significant
association with pCR.

In the multivariate analyses (Table 3), factors showing an
independent and statistically significant association with pCR
included a Ki67 index >50%, ER— and HER2+ status, and
smaller tumor size (AUC = 0.7846).

Multivariate analyses including only the most chemo-
sensitive patient subpopulation (that with ER—/HER2— and
ER—/HER2+ tumors) (supplemental online Table 2) showed
that Ki67 >50% and HER2+ status were independent pre-
dictive factors for pCR (AUC: 0.6178).

DISCUSSION

According to robust retrospective analyses of clinical trial
data [2, 3], the assessment of cellular proliferation based on
Ki67 determination may be used as a predictive factor for
the efficacy of breast cancer neoadjuvant hormone therapy.
However, its role as an independent predictive factor for
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Table 2. Rate of pathological complete response for breast
and axilla by estrogen receptor status, human epidermal
growth factor receptor 2 status, and Ki67 score

pCR
Variable Ki67 <50% Ki67 >50% Total
ER-+/HER2— 0/60 (0.0) 1/9 (11.1) 1/69 (1.5)
ER-+/HER2+ 12/51 (23.5) 3/11(27.3) 15/62 (24.2)
ER—/HER2+ 18/40 (45.0) 7/11 (63.6) 25/51 (49.0)
ER—/HER2— 3/20(15.0)  25/60 (41.7) 28/80 (35.0)
Total 33/171(19.3) 36/91(39.6) 69/262 (26.3)

Values are expressed as n/n (%).
Abbreviations: ER, estrogen receptor; HER2, human epidermal growth
factor receptor; pCR, pathological complete response.

Table 3. Multivariate analyses for factors associated to
pathological complete response in breast and axilla

Variable OR (95% ClI) p value
Ki67 >50% (versus 2.970 (1.348-6.547) .0069
Ki67 =50%)
ER/HER2 status <.0001
(versus ER+/HER2—)
ER+/HER2+ 0.049 (0.006—0.385) .0009
ER—/HER2+ 3.532(1.528-8.166) <.0001
ER—/HER2— 0.914 (0.375-2.230) .3148
Tumor size (continuous) 0.849 (0.735—-0.980) .0255

Area under the curve = 0.7846.
Abbreviations: Cl, confidence interval; ER, estrogen receptor; HER2,
human epidermal growth factor receptor; OR, odds ratio.

efficacy of neoadjuvant chemotherapy is not that well-
established [4]. Thus, routine Ki67 assessment has not been
recommended when patients receive primary chemotherapy
[25]. The reason is that despite data indicating the correlation
between high ki67 and pCR, most of these data are derived
from retrospective studies other than clinical trials [6—11].
Furthermore, Ki67 cutpoints used in these studies were
selected empirically (with thresholds associated with the
mean of observed values in the study population) or were
arbitrarily established at 10%—25% [14].

Our method—ROC curve analysis based on sensitivity and
specificity indices to discriminate patients achieving pCR in a
specific range of biomarker values—was aimed at identifying
anoptimal Ki67 cutpoint. Our results showed that 50% was the
optimal cutpoint and identified two subpopulations: patients
with a high Ki67 level (>50%) achieving a pCR rate of 40% (36 of
91 cases) and patients with a low Ki67 level (=50%) with a pCR
rate of 19% (33 of 171 cases). In the multivariate analyses, this
effect was confirmed to be independent of other pCR-related
factors, such as ER or HER2 status.

Ki67’s predictive value in breast cancer is of special
relevance in the population potentially most responsive to
neoadjuvant chemotherapy. Including the ER—/HER2— and
ER—/HER2+ patients, we observed a pCR rate of 45% (32 of 71
cases) for those with Ki67 >50% and a pCR rate of 35% (21 of
60) in patients with Ki67 =50%. In this chemosensitive
subgroup, basal Ki67 indices >50% were also an independent
predictor for pCR. The long-term prognostic value of pCR
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among patients treated with neoadjuvant chemotherapy has
been well-established [26, 27]. Recent findings have shed
light on this prognostic relationship, which seems to apply
especially to patients with HER2 +, triple-negative (ER—/PR—/
HER2—), or high-risk ER+ tumors [28, 29]. In fact, regarding
drug approval, the Food and Drug Administration has adopted
PCR in these patient subgroups as a surrogate marker of long-
term treatment efficacy [30].

Thus, a Ki67 index >50% may be predictive of high pCR
rates of postneoadjuvant chemotherapy (especially in the
ER—/HER2— and ER—/HER2+ population). This cutpoint may
potentially identify a subpopulation of breast cancer patients
with a favorable long-term prognosis after achieving pCR with
primary chemotherapy. Similar findings have been described
for management of neuroendocrine tumors. Nadler et al.
[31] established that Ki-67 is a reliable pathological grading
marker in determining tumor grade, according to the European
Neuroendocrine Tumor Society guidelines and the 2010 World
Health Organization classification. Moreover, in patients with
advanced gastrointestinal neuroendocrine carcinoma, Sorbye
et al. [32] suggested that the Ki67 threshold of 55% was the
best cutoff predicting rate of response to chemotherapy.

The results of this study should be interpreted in the
context of its weaknesses. First, the sample size is somewhat
limited. Second, the centralized Ki67 determination may invite
questions about its reproducibility in daily practice. This is
especially relevant given that its interobserver variability is
oftenmentioned as one of the limitations of Ki67 being defined
by IHC as a robust proliferation biomarker [4]. However, it
should be said that the interpretation of different genetic
signatures is also subject to variability. Nevertheless, inde-
pendently of the set of genes used, all of them captured
the same subpopulation with a poor prognosis [33, 34], with
mainly high-proliferation tumors, especially among ER+ cases
[35, 36]. In addition, in other studies IHC-detected Ki67 levels
were associated with quantitatively assessed proliferation in
first-generation genetic signatures [37—39]. Finally, different
studies have reported a high interlaboratory variability in Ki67
scoring on breast tumors among some of the world’s most
experienced pathologists [40, 41]. Clinical decision-making
regarding treatment options in breast cancer often relies on
the application of a Ki67 cutoff to classify patients into “Ki67
high” or “Ki67 low” risk groups. Reported data suggest that
even if a consensus Ki67 cutoff is agreed upon, discordant Ki67
measurements between observers for low proliferation/
luminal A breast tumors have been estimated in 50% of
studied cases; the discrepancies in high rates of Ki67 have been
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lower [41]. Thus, a definition of a Ki67 threshold >50% might
improve the reproducibility of scoring results between labo-
ratories and observers and would help to identify tumors with
a high proliferation rate and worse outcome.

CONCLUSION

A basal Ki67 index >50% could be considered an independent
predictive factor for pCR reached after neoadjuvant chemother-
apy. From a biological perspective, these results suggest that cell
proliferation is a phenomenon closely related to chemosensitivity.
From a clinical perspective, these findings could facilitate the
identification of a patient subpopulation with high probability of
achieving pCR when treated with primary chemotherapy, and thus
with a potentially favorable long-term prognosis.
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