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The use of markers of proliferation for prognostication in locally
advanced breast cancer has long been an area of research inter-
est [1, 2] given the coveted ability to assess treatment effect
with dynamic, in vivo tumor biomarkers [3]. Although it has
previously been shown that higher baseline markers of prolifer-
ation are predictive of response to chemotherapy [4–6] and
predictive of pathological complete response (pCR) [5, 7], the
prognostic value of these of these markers has been controver-
sial and mostly based on retrospective studies [8–12]. Ki-67 has
also been included in prognostication models, although these
have not been extensively validated, nor have they been widely
accepted in clinical practice [13]. Moreover, there has been
renewed interest in comparing the Ki-67 levels before and after
neoadjuvant chemotherapy (NAC) to assess treatment effect
on the tumor microenvironment and to aid in understanding
tumor biology, which has also been shown to be prognostic
[14, 15]. However, a significant proportion of patients receiving
NAC do not achieve pCR, and no multicenter prospective stud-
ies evaluating the change in Ki-67 pre- and post-NAC with a cor-
relation to long-term outcomes have been conducted.

In this issue of The Oncologist, Crabrera-Galeana and col-
leagues report their results assessing Ki-67 changes in residual
breast cancer after neoadjuvant chemotherapy and correlate
the pathology to disease-free survival (DFS) and overall survival
(OS). Four hundred thirty-five patients with stage IIA–IIIC breast
cancer, who did not achieve pCR, were selected from a data-
base of breast cancer patients treated with NAC at the Instituto
Nacional de Cancerologia, in Mexico, between 2007 and 2015.
Median follow-up was 27.4 months. All patients included were
treated with 4 cycles of an anthracycline and 12 doses of
weekly paclitaxel, with trastuzumab added for patients with
HER2 positive tumors. Ki-67 was performed on the baseline
core biopsy sample and compared with the final surgical speci-
men. Non-pCR was defined as residual invasive tumor within
the breast and/or axilla. The median age of the cohort was 50
years, and patients predominantly had stage III disease (52%),
with 68% harboring T3–T4 tumors, 92% with clinically positive
nodes and 46% with high-grade tumors. Subtype distribution
included 25% luminal A tumors, 45% luminal B tumors, 14%
triple-negative tumors, 5% HER2-enriched tumors, and 11%
triple-positive tumors. Median Ki-67 before NAC was 20%.

The authors are to be commended for their rigor in speci-
men analysis; each sample underwent standardized procedures
and assays for histological assessment by two highly specialized

breast pathologists. Ki-67 was quantified using a visual scoring
system, which included an external control for validation. Resid-
ual tumor specimens were then dichotomized into the
“decrease” Ki-67 group, defined as a decrease of greater or
equal to 1%, and the group with no change or increase, labeled
the “non-decrease” group. The “decrease” versus “non-
decrease” cohorts were then correlated with DFS and OS.

Of the 435 tumor samples analyzed, 57% of residual tumors
had a decrease of Ki-67 positivity of equal or greater than 1%.
The median percentage of Ki-67 decreased from 20% before
NAC to 10% after NAC. Patients who had a decrease in Ki-67
levels had a longer median DFS as compared with the non-
decrease group, 47.6 months (95% confidence interval [CI]
44.1–51.3) versus 38 months (32.7–43.3, p< .001), and the 3-
year DFS was 82.8% (95% CI 79.3–91.6) as compared with
56.4% (95% CI 45.0–67.8) in the non-decrease group. The
results were predominantly driven by the luminal-B subtype,
with a DFS of 47 months (95% CI 39.7–47.6) in the decrease
group as compared with 36.2 months (29.2–43.3) in the non-
decrease group (p 5 .001). No significant difference was identi-
fied in the other subtypes, although multivariate analysis
revealed that a decrease in Ki-67 was an independent predictor
of DFS, with a hazard ratio (HR) of 3.39 (95% CI 1.8–6.37,
p< .001) in all patients. Furthermore, median OS was 71.2
months (95% CI 68.3–74.2) versus 55.9 months (50.9–60.9,
p< .0001) in the decrease versus non-decrease group, with a
3-year OS of 97% (95% CI 93.7–100) in the decrease group as
compared with 69% (57.6–80.4) in the non-decrease group.
Significant differences were once again driven by the luminal B
subtype, with an OS of 70.7 months (95% CI 66.7–74.8) in the
decrease group as compared with 52.9 months (46.2–59.7) in
the non-decrease group (p< .0001), with no significant differ-
ences identified in the other subtypes. Three-year OS was
95.1% (95% CI 89.6–100) versus 60% (40.2–79.7). Once again,
multivariate analysis revealed that a decrease in Ki-67 was a sig-
nificant independent predictor of OS with an HR of 7.03 (95%
CI 2.6–18,7, p< .001).

The authors of this study highlight the fact that even a small
decrease in Ki-67 after NAC is significantly correlated with bet-
ter outcomes in terms of DFS and OS. However, the prognostic
value of such a small decrease in Ki-67 could potentially signify
that the prognostic association represents a continuum,
whereby a larger decrease could be predictive of an even
greater benefit. Unfortunately, these data cannot be gleaned
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from this study and would require a much larger study popula-
tion [16]. Nonetheless, a novel contribution of this study is not
only that each patient is used as their own control, but that the
results have been dichotomized into a binary variable, the
decrease versus non-decrease groups, defined as a difference
of 1% in the final surgical specimen as compared with the base-
line core biopsy. Historically, changes in Ki-67 have had a set
change point, with many allocating an arbitrary proportion of
change [17], but no study has yet demonstrated that a differ-
ence as small as 1% correlates with such significant differences
in outcomes. Therefore, one must wonder if the results of this
study can truly be reproduced, especially in a multicenter set-
ting where histological analysis may be performed by numer-
ous pathologists who may not be as specialized in oncological
care.

Furthermore, review of the results from the preplanned
subgroup analysis by subtype suggests that the benefit is pre-
dominantly driven by the luminal-B subtype, which represents
the largest proportion of patients included in this study. In light
of this information, we question once again whether the lumi-
nal A patients truly benefit from chemotherapy. This study
draws attention to the possible use of Ki-67 in clinical care,
allowing an earlier identification of treatment resistance. Such
studies are already underway, notably the ALTernate study,
with a novel design integrating a window of opportunity trial
within a neoadjuvant model, using Ki-67 of greater than 10% as
an indication of endocrine therapy resistance, resulting in a
change in treatment pathways. The POETIC study is another
example of the potential use of Ki-67 as a clinical tool to guide
treatment, correlating Ki-67 from the surgical specimen to
relapse-free survival, following the perioperative use of an aro-
matase inhibitor.

One of the most notable limitations of the study is
undoubtedly the fact that it was performed in a single center.
Standardization and reproducibility of Ki-67 remain problem-
atic, with interobserver and interlaboratory variations, despite
efforts to uphold a standard of practice globally [18, 19]. The
authors did not specify that Ki-67 assessment was done using
the International Ki-67 Working Group scoring method, despite
their efforts to use a standardized procedure, which perpetu-
ates the difficulties in achieving analytical validity with Ki-67.
Although it was necessary for this study to have histological
analysis performed by a limited number of pathologists, the
applicability in a broader multicenter setting remains unproven,
with a potentially large margin of error. Furthermore, the meth-
odology involved between performing Ki-67 on a core biopsy
as compared with a surgical specimen is another potential
source of error [20]. Given the small percentage of change

considered for the dichotomization of the groups, a potential
difference in methodology could be quite significant and alter
results, limiting the applicability of this study to the clinical set-
ting. Overcoming this limitation is certainly challenging, and
despite many attempts at standardization, the use of Ki-67 has
not been widely adopted in the clinical setting. However, the
use of automation could be further explored in future research.
To this effect, an international Ki-67 working group has found
that the precision pathologists achieve while reporting Ki-67
after careful standardization and calibration can be achieved by
automated digital image analysis without such special calibra-
tion efforts [21]. Future efforts using emerging “deep learning”
image analysis methodology have great potential to bring fur-
ther improvements in the precision of Ki-67 scoring.

Another major limitation stems from the fact that patients
who achieved a pCR and who had the best prognosis were
excluded from the analysis, as no Ki-67 assay was possible at
the time of surgery. Large studies, which viewed Ki-67 changes
as a continuous variable as opposed to a dichotomous variable
and did sampling during neoadjuvant treatment, could include
those who achieve a pCR and may be more valuable in both
predicting benefit and defining a wider range of Ki-67 change.

The results of this study are most definitely hypothesis gen-
erating and highlight the need for a multicenter, prospective
trial, using standardized histological evaluation to support the
reproducibility of these findings. Furthermore, although the
role of genomic assays has been well established prior to the
use of adjuvant chemotherapy, no data are available for their
use after neoadjuvant chemotherapy in patients who did not
achieve pCR. Alternative and complementary strategies, such
as the use of positron emission tomography scans at set time-
points in treatment, could also be explored. However, although
resources are increasingly limited, the validation of Ki-67 as a
prognostic marker for risk of relapse and death would be
invaluable and cost-effective. In light of this study, which sug-
gests that the Ki-67 in residual disease correlates with PFS and
OS, further consideration should be given to an interim assess-
ment of the Ki-67 to define whether therapy is effective, ulti-
mately guiding treatment decisions for personalized
oncological care. It could also allow for the judicious use of
adjuvant chemotherapy in the highest-risk patients treated
with NAC, given the results of the CREATE-X study [22]. How-
ever, caution should be used in applying this information to the
clinical setting until robust prospective evidence becomes
available.

DISCLOSURES

The authors indicated no financial relationships.

REFERENCES

1. Colozza M, Azambuja E, Cardoso F et al. Prolifer-
ative markers as prognostic and predictive tools in
early breast cancer: Where are we now? Ann Oncol
2005;16:1723–1739.

2. Geisler J, Detre S, Berntsen H et al. Influence of
neoadjuvant anastrozole (Arimidex) on intratumoral
estrogen levels and proliferation markers in patients
with locally advanced breast cancer. Clin Cancer Res
2001;7:1230–1236.

3. Levasseur N, Clemons M, Hilton J et al. Neoadju-
vant endocrine therapy and window of opportunity

trials: New standards in the treatment of breast can-
cer?Minerva Chir 2015;70:181–193.

4. Sueta A, Yamamoto Y, Hayashi M et al. Clini-
cal significance of pretherapeutic Ki-67 as a pre-
dictive parameter for response to neoadjuvant
chemotherapy in breast cancer: Is it equally use-
ful across tumor subtypes? Surgery 2014;155:
927–935.

5. Nishimura R, Osako T, Okumura Y et al. Clinical
significance of Ki-67 in neoadjuvant chemotherapy
for primary breast cancer as a predictor for

chemosensitivity and for prognosis. Breast Cancer
2010;17:269–275.

6. Burcombe RJ, Makris A, Richman PI et al. Evalua-
tion of ER, PgR, HER-2 and Ki-67 as predictors of
response to neoadjuvant anthracycline chemother-
apy for operable breast cancer. Br J Cancer 2005;92:
147–155.

7. von Minckwitz G, Sinn HP, Raab G et al. Clinical
response after two cycles compared to HER2, Ki-67,
p53, and bcl-2 in independently predicting a patho-
logical complete response after preoperative

LeVasseur, Gelmon 643

www.TheOncologist.com Oc AlphaMed Press 2018



chemotherapy in patients with operable carcinoma
of the breast. Breast Cancer Res 2008;10:R30.

8. Yoshioka T, Hosoda M, Yamamoto M et al. Prog-
nostic significance of pathologic complete response
and Ki-67 expression after neoadjuvant chemother-
apy in breast cancer. Breast Cancer 2015;22:185–
191.

9. Wang YJ, Huang XY, Mo M et al. Serum tumor
marker levels might have little significance in evalu-
ating neoadjuvant treatment response in locally
advanced breast cancer. Asian Pac J Cancer Prev
2015;16:4603–4608.

10. de Azambuja E, Cardoso F, de Castro G Jr
et al. Ki-67 as prognostic marker in early breast
cancer: A meta-analysis of published studies
involving 12,155 patients. Br J Cancer 2007;96:
1504–1513.

11. Miglietta L,Vanella P, Canobbio L et al. Prognos-
tic value of estrogen receptor and Ki-67 index after
neoadjuvant chemotherapy in locally advanced
breast cancer expressing high levels of proliferation
at diagnosis. Oncology 2010;79:255–261.

12. Dowsett M, Smith IE, Ebbs SR et al. Prognostic
value of Ki-67 expression after short-term presurgi-

cal endocrine therapy for primary breast cancer.
J Natl Cancer Inst 2007;99:167–170.

13. Guarneri V, Piacentini F, Ficarra G et al. A
prognostic model based on nodal status and Ki-67
predicts the risk of recurrence and death in breast
cancer patients with residual disease after preop-
erative chemotherapy. Ann Oncol 2009;20:1193–
1198.

14. Tanei T, Shimomura A, Shimazu K et al. Prog-
nostic significance of Ki-67 index after neoadjuvant
chemotherapy in breast cancer. Eur J Surg Oncol
2011;37:155–161.

15. Jones RL, Salter J, A’Hern R et al. The prognostic
significance of Ki-67 before and after neoadjuvant
chemotherapy in breast cancer. Breast Cancer Res
Treat 2009;116:53–68.

16. Cabrera-Galeana P, Mu~noz-Monta~no W, Lara-
Medina F et al. Ki67 Changes Identify Worse Out-
comes in Residual Breast Cancer Tumors After Neo-
adjuvant Chemotherapy. The Oncologist 2018; (in
press).

17. Matsubara N,Mukai H, MasumotoM et al. Sur-
vival outcome and reduction rate of Ki-67 between
pre- and post-neoadjuvant chemotherapy in breast

cancer patients with non-pCR. Breast Cancer Res
Treat 2014;147:95–102.

18. Leung SCY, Nielsen TO, Zabaglo L et al. Ana-
lytical validation of a standardized scoring proto-
col for Ki-67: Phase 3 of an international
multicenter collaboration. NPJ Breast Cancer
2016;2:16014.

19. Yerushalmi R, Woods R, Ravdin PM et al. Ki-67
in breast cancer: Prognostic and predictive potential.
Lancet Oncol 2010;11:174–183.

20. Romero Q, Bendahl PO, KlintmanM et al. Ki-67
proliferation in core biopsies versus surgical samples
- A model for neo-adjuvant breast cancer studies.
BMC Cancer 2011;11:341.

21. Rimm DL, McShane LM, Leung SCY et al. An
international multicenter study to evaluate reprodu-
cibility of automated scoring methods for assess-
ment of Ki-67 in breast cancer. 2016 San Antonio
Breast Cancer Symposium, Texas (December 6–10).
Cancer Res 2017;77(suppl 4):P1–03-01.

22. Masuda N, Lee SJ, Ohtani S et al. Adjuvant
capecitabine for breast cancer after preoperative
chemotherapy. N Engl J Med 2017;376:2147–
2159.

Editor’s Note:

See the related article, “Ki67 Changes Identify Worse Outcomes in Residual Breast Cancer Tumors After Neoadjuvant Chemo-
therapy,” by Oscar Arrieta et al., on page 670 of this issue.
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