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ABSTRACT

Background. Several breast cancer (BC) trials have adopted
pathological complete response (pCR) as a surrogate marker of
long-term treatment efficacy. In patients with luminal subtype,
pCR seems less important for outcome prediction. BC is a
heterogeneous disease, which is evident in residual tumors
after neoadjuvant-chemotherapy (NAC). This study evaluates
changes in Ki67 in relation to disease-free survival (DFS) and
overall survival (OS) in patients without pCR.
Subjects, Materials, and Methods. Four hundred thirty-five
patients with stage IIA–IIIC BC without pCR after standard NAC
with anthracycline and paclitaxel were analyzed. We analyzed
the decrease or lack of decrease in the percentage of Ki67-
positive cells between core biopsy samples and surgical speci-
mens and correlated this value with outcome.
Results.Twenty-five percent of patients presented with luminal
A-like tumors, 45% had luminal B-like tumors, 14% had

triple-negative BC, 5% had HER2-positive BC, and 11% had
triple-positive BC. Patients were predominantly diagnosed
with stage III disease (52%) and high-grade tumors (46%).
Median Ki67 level was 20% before NAC, which decreased to
a median of 10% after NAC. Fifty-seven percent of patients
had a decrease in Ki67 percentage. Ki67 decrease signifi-
cantly correlated with better DFS and OS compared with no
decrease, particularly in the luminal B subgroup. Multivari-
ate analysis showed that nonreduction of Ki67 significantly
increased the hazard ratio of recurrence and death by 3.39
(95% confidence interval [CI] 1.8–6.37) and 7.03 (95% CI
2.6–18.7), respectively.
Conclusion. Patients without a decrease in Ki67 in residual
tumors after NAC have poor prognosis. This warrants the
introduction of new therapeutic strategies in this setting. The
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Implications for Practice: This study evaluates the change in Ki67 percentage before and after neoadjuvant chemotherapy (NAC)
and its relationship with survival outcomes in patients with breast cancer who did not achieve complete pathological response
(pCR). These patients, a heterogeneous group with diverse prognoses that cannot be treated using a single algorithm, pose a
challenge to clinicians. This study identified a subgroup of these patients with a poor prognosis, those with luminal B-like tumors
without a Ki67 decrease after NAC, thus justifying the introduction of new therapeutic strategies for patients who already present a
favorable prognosis (luminal B-like with Ki67 decrease).

INTRODUCTION

Breast cancer (BC) is a heterogeneous disease, and during the
last decade, gene expression studies have identified distinct
molecular subtypes with markedly different behaviors and
prognoses [1, 2]. One proliferation marker that has been con-
sidered is Ki67, the routine use of which remains controversial
in clinical practice. Ki67 is a protein expressed in the nucleus of
cells during different phases of the cell cycle but not in the G0
quiescent state [3]. Cells that are not cycling through S-phase
exhibit a lower Ki67 score [4]. The role of Ki67 as a predictive

factor of the response to neoadjuvant hormone therapy has
been well established [5]. The majority of studies have identi-
fied a high Ki67 proliferation rate as a predictive factor for a
higher rate of pathological complete response (pCR) after neo-
adjuvant chemotherapy (NAC) [5–8].

Several trials have adopted pCR as a surrogate marker of
long-term treatment efficacy [5]. However, in patients who do
not achieve a pCR, other biologic markers should be taken into
account in order to establish further prognostic groups and to
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distinguish patients who might benefit from further adjuvant
treatment. In addition, pCR seems less important in terms of
outcome in patients with the luminal subtype of BC [2],
because this subtype has been associated with a better out-
come, even in patients who do not achieve a pCR after NAC [7].

Information regarding the role of Ki67 as a prognostic tool
in residual disease after NAC is scarce. The aim of our study was
to evaluate changes in Ki67 as a prognostic factor for disease-
free survival (DFS) and overall survival (OS) in patients who do
not achieve a pCR after NAC.

MATERIALS AND METHODS

All patients were selected from a database of patients with BC
who were treated with NAC at the Instituto Nacional de Can-
cerolog�ıa, Mexico (INCan) from January 2007 to December
2015. Patients in this database had been treated within the
social security program “Seguro Popular.” Patients who had
undergone surgery after NAC and had no pCR (defined as evi-
dence of invasive residual tumor in the breast or axilla [9])
were included. Clinical stage, tumor size, axillary lymph node
status, estrogen receptor (ER) status, progesterone receptor
(PR) status, HER2 status, and grade were recorded. The docu-
mentation of the percentage of Ki67 positivity before and after
NAC was mandatory. NAC therapy consisted of anthracycline-
based treatment (four cycles) followed by weekly treatment
with paclitaxel (12 doses) and with trastuzumab for HER2-positive
patients.The case selection process is shown in Figure 1.

The protocol was registered at the INCan Ethics Committee.
Two highly specialized breast pathologists at INCan performed
all histologic assessments. Each sample was analyzed using
standardized procedures and assays. According to immunohis-
tochemistry (IHC), we defined five BC subgroups as follows:
luminal A-like (ER-positive and PR-positive >20%, HER2-
negative, and Ki67-low), luminal B-like (ER-positive or -negative,
PR-low, HER2-negative, and Ki67-high), triple-negative (ER-
negative, PR-negative, and HER2-negative), HER2-positive (ER-
negative, PR-negative, and HER2-positive), and luminal B-like/
HER2-positive, also known as triple positive (ER-positive, any
PR, any Ki67, and HER2-positive) [10–13].

HER2 status was defined according to the American Society
of Clinical Oncology and College of American Pathologists
guidelines [14]. All HER2-positive patients received trastuzu-
mab in the neoadjuvant setting and completed 1 year of trastu-
zumab therapy independently of the pathological response. All
patients with positive expression of ER and/or PR received
adjuvant endocrine therapy. Premenopausal women received
tamoxifen for 5 years, and postmenopausal women received
aromatase inhibitor for 5 years [15].

The immunohistochemistry assessment of Ki67 was consist-
ent during the study period. Ki67 was quantified using a visual
scoring system, which included an external control for validation.
Tissue was fixed in neutral buffered formalin [16]. The antibody
used was a mouse antihuman Ki67 monoclonal antibody clone
MIB-1 (Biocare Medical, Pacheco, CA), which is recommended
as the gold standard for IHC. Stained cells were counted and
expressed as a percentage. Only nuclear staining was incorpo-
rated into the Ki67 score, which was defined as the percentage
of positively stained cells among the total number of malignant
cells scored. If staining was homogeneous, at least 500 cells
within ten randomly selected high-power fields (3400) were

counted. In the presence of hot spots, which were defined as
areas with highly prevalent Ki67 staining, the overall average
score was recorded [17].

Patients were divided according changes in Ki67 after NAC,
as follows: the decrease group included patients who demon-
strated a Ki67 score at least 1% less in residual tumor than in
the initial core biopsy, and the no-decrease group included
patients who demonstrated any increase or no change in Ki67
positivity between the breast core biopsy and residual disease
after NAC.

Statistical Analysis
DFS and OS were defined as the time from the date of BC sur-
gery to the date of evidence of local or distant recurrence and
as the time from the date of BC diagnosis to the date of death
from any cause or loss to follow-up, respectively. DFS and OS
were estimated with the Kaplan-Meier method and were com-
pared between groups using the log-rank test. Univariate and
multivariate Cox proportional hazards analyses were performed
to evaluate the effects of age; hormonal status; American Joint
Committee on Cancer (AJCC) stage; histological type; ER, PR,
and HER2 status; baseline Ki67; and change in Ki67 and sub-
groups. The level of significance was set at p� .05. Statistical
analyses were performed using SPSS 23.0 for Windows (IBM,
Chicago, IL). Multiple Cox proportional hazard models were
used to obtain hazard ratios (HRs).

RESULTS

Four hundred thirty-five patients met the inclusion criteria for
analyses. The median age was 50 years (range 25–84 years),
and 52% of patients were premenopausal. Before NAC, the
mean tumor size was 6.2 cm; 68% of patients had T3–T4
tumors and 92% had clinically node-positive disease. Fifty-two
percent of patients were in clinical stage IIIA–IIIC, 46% had high
histological grade tumors, and 59% were diagnosed with the
luminal B-like/HER2-negative BC subtype. Patient and tumor
characteristics are listed in Table 1.

Figure 1. STROBE flow diagram.
Abbreviations: NAC, neoadjuvant chemotherapy; pCR, patho-

logical complete response.
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After NAC, 44 (10%) patients underwent breast-conserving
surgery. The median residual tumor size was 2.5 cm (range 0–
5 cm), and the pathological nodal status was ypN0 in 137
(32%), ypN1 in 160 (37%), ypN2 in 97 (22%), and ypN3 in 38
(9%) patients. The median percentage of Ki67 positivity before
NAC was 20%, which decreased to 10% after NAC. Fifty-seven
percent of residual tumors exhibited a decrease in Ki67 positiv-
ity by at least 1%. The distribution of patients according to phe-
notype and Ki67 changes after NAC is described in Table 2.

Median follow-up was 27.4 months (614.9 months). The
global median DFS was 43.9 months (95% confidence interval
[CI] 40.8–47.1). Patients who had decreased Ki67 levels had a
longer median DFS compared with those with no decrease in
Ki67: 47.6 months (95% CI 44.1–51.3) versus 38 months (32.7–
43.3), respectively (p< .001). Additionally, 3-year DFS in
patients with a decrease in Ki67 levels was 82.8% (95% CI 79.3–
91.6), compared with 56.4% (95% CI 45.0–67.8) in patients
without decreased Ki67 (Fig. 2A). Other factors that affected
DFS in the univariate analysis included AJCC stage (stage II, 78.6
[95% CI 70.5–86.6], vs. stage III, 59.2 [45.5–72.9]; p< .001); ER
status (positive, 76.1 [95% CI 68.2–83.9], vs. negative, 57.3
[42.6–72.1]; p< .001); PR status (positive, 73.0 [95% CI 63.9–
82.0], vs. negative, 67.4 [55.2–79.5]; p< .001). In the luminal
A-like, triple-negative, HER2-positive, and luminal B/HER2-posi-
tive subtypes, no statistically significant differences were found
in DFS and OS. In contrast, when DFS was compared in patients
with luminal B-like tumors, patients with a decrease in Ki67 had a
longer DFS compared with those without a decrease (47 months
[95% CI 39.7–47.6] vs. 36.2 months [29.2–43.3] respectively;
p 5 .001). Patients with luminal B-like tumors had a 3-year DFS
of 91.3% (95% CI 84.6–97.9) vs. 48.4% (29.5–67.2; Fig. 2B). The
multivariate analysis showed that the difference in Ki67 was a
highly significant independent predictor of DFS with an HR of
3.39 (95% CI 1.8–6.37, p< .001) in all patients (Table 3).

The global OS was 67.2 months (95% CI 64.3–70.2). When
patients with a decrease in Ki67 were compared with those
without a decrease, the median OS was 71.2 months (95% CI
68.3–74.2) months versus 55.9 months (50.9–60.9), respec-
tively (p< .0001), with a 3-year OS of 97.0% (95% CI 93.7–100)
for patients with a decrease in Ki67 compared with 69.0%
(57.6–80.4) for patients without a decrease (Fig. 2C). In patients
with the luminal B-like subtype, the OS was 70.7 months (95%
CI 66.7–74.8) for patients with a decrease in Ki67 compared
with 52.9 months (46.2–59.7) for those without a decrease
(p< .0001), whereas the 3-year OS was 95.1% (95% CI 89.6–
100) in the first group and 60% (40.2–79.7) for the latter (Fig.
2D). Factors that affected OS in the univariate analysis were as

follows: clinical stage (II, 90.8 [95% CI85.0–90.0], vs. III, 76.0
[64.4–87.5]; p< .001), ER status (positive, 89.8 [95% CI 84.7–
94.8], vs. negative, 69.0 [51.7–86.2]; p< .006), PR status (posi-
tive, 88.9 [95% CI 83.2–94.5], vs. negative, 78.1 [66.3–89.8];
p 5 .040), and initial Ki67 level (higher than 20%, 88.4 [95% CI
80.7–96.0], lower or equal to 20%, 84.3 [77.2–91.3]; p 5 .048).
The multivariate analysis showed that the difference in Ki67
was a significant independent predictor of OS with an HR of
7.03 (95% CI 2.6–18.7, p< .001) (Table 3).

DISCUSSION

A pCR after NAC is strongly associated with favorable long-term
outcomes [18, 19]; however, patients who do not achieve pCR
are a heterogeneous group with diverse prognoses, and
unfortunately, until now, no definite biomarker has served as a
prognostic discriminator. An even more difficult issue presents
in patients with ER-positive BC, who tend to have low pCR rates
and among whom it is highly challenging to distinguish patients
with a good prognosis from those with a poor prognosis [20].
Such cases make it fundamental to acquire further tools that
are urgently needed to assess potential outcomes.

In this study, we found that changes in Ki67 in residual dis-
ease after NAC can be used to separate a subgroup of patients
with better outcomes from the general BC population and spe-
cifically, from those in the ER-positive subgroup. It is quite com-
mon that, in the presence of a significant disease burden after
NAC, clinicians expect a high rate of recurrence even after com-
pletion of standard treatment (adjuvant chemotherapy and
endocrine management, as well as radiotherapy), which leads
to an increased use of additional non-evidence-based therapy
[21, 22]. A better selection of patients at high risk after NAC is
important for the tailoring of new therapeutic strategies [23].
We found that patients without a decrease in Ki67 after NAC
had worse outcomes in terms of DFS and OS, which allows the
possibility of the identification of these high-risk populations
and the customization of treatment schemes.

Since 1999, it has been reported that a decrease in the cell
proliferation fraction has a predictive value with respect to the
recurrence rate [24, 25]. Ki67 has been used as a marker of
such proliferation. Thus, routine assessment has not been rec-
ommended when patients receive primary chemotherapy
because most data were derived from retrospective studies,
and the cutoff points used were selected empirically or were
arbitrarily established [5, 26]. It has also been found that
patients who experienced progression during NAC had a higher
proliferation rate than those who responded to chemotherapy
[6]. It is also known that patients with high Ki67 expression at
diagnosis have a higher risk of recurrence and death [27, 28].
All of the above suggests that Ki67 may be used to define
prognosis.

High Ki67 expression at baseline is significantly associated
with improved pCR rates [6, 29, 30], primarily in the triple-
negative and HER2-positive BC subtypes [5, 31]. The potential
prognostic value of Ki67 after NAC is less well known [32]. Our
findings suggest that the reduction of at least 1% of the abso-
lute value of the Ki67 score after NAC compared with the base-
line level is associated with a favorable prognosis, as previously
demonstrated by other research groups [32–34].

Billgren et al. demonstrated that a decrease of more than
25% in the proliferation fraction (measured as Ki67 percent)

Table 2. Patient distribution by phenotype and Ki67
changes after neoadjuvant chemotherapy

Phenotype
Decrease in
Ki67, n (%)

No decrease or
increase in
Ki67, n (%)

Luminal A-like 90 (36.4) 21 (11.2)

Luminal B-like 121 (49) 73 (38.8)

Triple-negative 9 (3.6) 52 (27.7)

HER2-positive 0 21 (11.2)

Triple-positive 27 (10.9) 21 (11.2)
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after the first course of chemotherapy significantly predicted a
reduced risk of recurrence. Further studies added information
on the role of Ki67 in predicting a pathological response [24,
35, 36]. In our study, we found that a decrease of at least one
point of the percentage of Ki67-positive cells between the core
biopsy sample and the surgical specimen after the completion
of NAC (anthracycline-taxane-based regimens) was related to
better DFS and OS compared with no decrease in the percent-
age of Ki67-positive cells, mostly in the luminal B-like/HER2-
negative subgroup. These data are consistent with the study of
Diaz-Botero et al., who previously reported that patients whose
tumors had low Ki67 expression after NAC had better OS and
DFS compared with those whose tumors maintained high Ki67
expression [34]. However, it is important to indicate that the
evaluation methods were different in both studies.

This study provides evidence that patients without a
decrease in Ki67 expression after NAC had worse outcomes
with respect to DFS and OS. In addition, Sheri et al. found that
in patients who did not achieve pCR after NAC. An increase in
Ki67 expression was a significant negative prognostic factor for
both DFS and OS [23]. Ingolf and Yoshioka reported that high
Ki67 expression in post-treatment tumors was strongly corre-
lated with poor DFS and OS, regardless of tumor subtype. Other
studies corroborate that patients with high Ki67 values in the
residual tumor after chemotherapy had worse outcomes in
terms of recurrence and mortality [20, 30, 37–39].

In this regard, Ki67 might serve as a valuable prognostic
marker for patients who do not achieve a pCR, but no clear

evidence shows the optimal way to measure the changes in
Ki67 after chemotherapy. We agree that Ki67 reflects the per-
centage of proliferating cells in the tumor [40] and that it is pos-
sible that the best way to measure this proliferation is as a
continuous variable [41]. In this sense, our work presents an
easier method to evaluate these changes, which involves the
dichotomization of the decrease or nondecrease in the percent-
age of Ki67-positive cells in residual disease after NAC, which is
based on its own control (i.e., the initial biopsy). We propose
that patients without a pCR after NAC are heterogeneous and
can be subdivided according to changes in Ki67 into good and
poor prognostic groups, as others have previously suggested
[37, 42]. An appropriate identification of patients who are at
high risk of relapse after NAC could help design treatment strat-
egies among high-risk populations [23], as has been previously
established in the HER2-positive and triple-negative phenotype
subgroups. We, as do others, believe that patients with high
post-treatment Ki67 levels are candidates for innovative post-
neoadjuvant treatment concepts [42].

It is interesting that our work showed a higher prevalence
of luminal B-like tumors with non-pCR, contrasting with other
reports in which patients with luminal B tumors achieved
higher pCR rates than those with the luminal A subtype [43].
However, because of the retrospective nature of this study, we
cannot currently draw any conclusions. Luminal B tumors have
been associated with an increased frequency of p53 mutations,
and previous studies have reported that patients with this sub-
type reap a relatively lower benefit from endocrine therapy

Figure 2. Patient outcomes according to Ki67 decrease vs. Ki67 non-decrease. Disease-free survival of patients with decreased Ki67 and
those with no decrease in Ki67 after neoadjuvant chemotherapy (NAC), in patients with all tumor types (A) and in patients with luminal B-
like phenotype tumors (B). Overall survival of patients with decreased Ki67 and those with no decrease in Ki67 after NAC, in patients with all
tumor types (C) and in patients with luminal B-like phenotype tumors (D).
Abbreviation: CI, confidence interval.
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than do patients with luminal A tumors [43]. Therefore, the
value of Ki67 as a prognostic tool in this phenotype could direct
future approaches.

Our data suggest that the evaluation of Ki67 after neoadju-
vant chemotherapy could act as a clinically available tool that
might allow clinicians to stratify patients into those who could
benefit from “complementary” treatment. Clinicians must

therefore be made aware that there are data available that
incline us to believe that patients with a poor prognosis can be
timely identified, and therefore more therapeutic options be
made available for them.

As a retrospective study, our results require further valida-
tion. The lack of a validated method to measure the Ki67 cutoff
points for prognosis, prediction, and monitoring hinders the

Table 3. Survival and DFS: Univariate and multivariate analysis of all neoadjuvant chemotherapy-treated patients with
residual tumor biopsy

Variable

DFS 36 months OS 36 months

Univariate Multivariate Univariate Multivariate

% (95% CI) p HR (95% CI) p % (95% CI) p HR (95% CI) p

Age

>50 years 80.9 (72.9–89.0) .081 89.1 (82.1–96.1) .225

�50 years 65.3 (54.5–76.1) 83.8 (76.2–91.4)

ECOG

0 74.3 (67.1–81.5) .001 86.4 (81–91.6) .193

1–2 45.1 (15.6–74.5) 85.0 (65.0–104.9)

Smoking

Positive 80.0 (67.2–92.7) .33 90.5 (80.12–100) .185

Negative 70.5 (62.3–78.7) 85.3 (79.4–91)

BMI

�30 72.7 (64.0–81.3) .42 87.9 (82.0–93.7) .20

>30 72.8 (61.4–84.2) 82.9 (72.9–92.8)

Hormonal status

Premenopausal 67.0 (56.0–77.9) .21 84.8 (77.5–92) .289

Postmenopausal 78.3 (69.7–86.9) 87.8 (80.5–95)

AJCC stage

II 78.6 (70.5–86.6) <.001 2.77 (1.6–4.7) 90.8 (85.0–90.0) <.001 4.04 (1.8–9.0) .01

III 59.2 (45.5–72.9) 76.0 (64.4–87.5)

ER

Positive 76.1 (68.2–83.9) <.001 0.51 (0.26–1.04) .064 89.8 (84.7–94.8) .006 0.643 (0.24–1.7) .373

Negative 57.3 (42.6–72.1) 69.0 (51.7–86.2)

PR

Positive 73.0 (63.9–82.0) <.001 0.85 (0.46–1.57) .607 88.9 (83.2–94.5) .040 0.704 (0.29–1.7) .429

Negative 67.4 (55.2–79.5) 78.1 (66.3–89.8)

HER2

Positive 66.5 (49.2–83.7) .791 89.2 (77.6–100.7) .242

Negative 73.8 (66.1–81.4) 85.8 (80.0–91.5)

Ki67

<20 72.6 (59.2–85.9) .002 0.87 (0.46–1.57) .67 88.4 (80.7–96.0) .048 0.591 (1.4–2.4) .234

�20 70.5 (61.8–79.1) 84.3 (77.2–91.3)

D Ki67

Decrease 82.8 (73.9–91.6) <.001 3.39 (1.8–6.37) <.001 97.0 (93.7–100.3) <.001 7.50 (2.7–18.7) <.001

No decrease 56.4 (45.0–67.8) 69.0 (57.6–80.4)

yp TNM stage

I 87.6 (74.1–99.9) 1.59 (1.07–2.36) .020 94.7 (84.7–99.9)

II 71.9 (61.9–89.1) .104 88.3 (81.8–94.7) .274 1.58 (0.89–2.81) .115

III 68.9 (56.9–80.8) 80.8 (70.8–90.7)

Abbreviations: D, change; AJCC, American Joint Committee on Cancer; CI, confidence interval; DFS, disease-free survival; ECOG, Eastern Coopera-
tive Oncology Group; HER2, human epidermal growth factor receptor 2; BMI: body mass index; OS, overall survival; ER: estrogen receptor; PR: pro-
gesterone receptor; HR: hazard ratio; ypTNM: pathological stage post neoadjuvance.
Values in bold reached a statistical significance of <0.05
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correlation between basal and post-treatment results. Thus, its
use should only be applied in local practice [44]. In many occa-
sions, concerns have been raised about Ki67 reproducibility,
because interobserver and interlaboratory variations may pro-
duce different results [45]. Efforts to improve the concordance
have been performed following the international recommenda-
tions for the assessment [46]. It is well recognized that adher-
ence to these guidelines improves reproducibility and
concordance [47], so assuring quality procedures and standar-
dized analyses is highly recommended. It is important to men-
tion that all studies that have evaluated the difference
between initial Ki67 level and the Ki67 level in the surgical spec-
imen after NAC have measured Ki67 using different methodolo-
gies, and thus a prospective study is essential to verify these
results.

CONCLUSION
The decrease in Ki67 in residual BC tumors after NAC is a pro-
foundly significant prognostic factor for DFS and OS. Change in
Ki67 accurately identifies patients with high risk for recurrence
and death; this marker is particularly relevant in patients who
present with the luminal B-like phenotype, in whom Ki67
decrease appears to have a more important predictive role
than even some of the quintessential cancer prognosis factors,
such as clinical stage and hormone receptor status. This study

warrants further trials that may bring about new treatment
strategies to improve the prognosis in patients with BC.
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Editor’s Note:

See the related commentary, “Can We Hang Our Hats on One Percent?” by Nathalie LeVasseur and Karen A. Gelmon, on page
642 of this issue.
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