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ABSTRACT
Purpose: The response to neoadjuvant therapy correlates with prognosis. Being able to predict the response before
performing the neoadjuvant treatment with Ki 67, HER2 and Hormone Receptors (RH) of the tumour [estrogens’
receptor (ER) and progesterone receptor (PR)] and the patient's body mass index (BMI) may help to define it.

Material and Methods: We studied the response to neoadjuvant treatment in 170 patients with breast cancer using
the Miller and Payne Grading System (MPG). Pathological response was considered with a MPG 4,5. Before
the neoadjuvant treatment, Ki67, HER2, RH and BMI were studied and related to the response to neoadjuvant
treatment by logistic regression.

Results: The study of factors was: Ki67 <14 in 56 (32.9%) patients and Ki 67> 14 in 114 (67.1%) patients; RE
negative in 40 (23.5%) patients and positive ER in 130 (76.5%) patients; Negative RP in 75 (44.1%) patients and
positive RP in 95 (55°8%) patients; HER2 negative in 118 (69.4%) patients and HER?2 positive in 52 (30.6%)
patients.

MPG 4-5 was obtained in 86 patients (50'6%) with a mean age of 48'4 + 8'8 years. MPG 1-2-3 was obtained in 84
patients (49.4%) with a mean age of 48.82 + 9.7 years. The mean BMI in patients with MPG 1-2-3 was 23.35 +
4.64, and in patients with MPG 4-5 it was 25.24 + 4.25 (p = ns). MPG 4-5 was obtained in 22 (26%) tumours with
Ki67 <14 and 64 (74%) tumours with Ki67> 14 (p <0.05); in 24 (28%) ER negative tumours and 62 (72%) ER
positive tumours (p = ns); in 46 (53%) RP negative tumours and 40 (47%) RP positive. (P <0.05)

We grouped the 170 patients into eight subgroups of patients according to the status of Ki67, RP and HER? assessing
MPG 4-5. The MPG 4-5 in Ki67 <14 RP (-) HER2 (-) was obtained in 3 (27.3%) cases and was not obtained in 8
(72.7%), Ki67> 14 RP (-) HER?2 (+) was obtained in 5 (83.3%) cases and was not obtained in 1 (10.7%) cases. (P
<0.05). In the other subgroups there were no significant differences

Conclusion: Ki67, HER2 and RP predict the response to neoadjuvant chemotherapy. BMI does not affect the
response to neoadjuvant chemotherapy.

Keywords the tumour response to the adjuvant treatment in vivo, obtaining
Breast cancer, Neoadjuvant therapy, Tumours, Keratins. information about the biology of the tumour and its prognosis.
Introduction The response to neoadjuvant treatment is measured with the

Neoadjuvant treatment is the treatment of choice for high risk complete pathological response (PRC) of both the primary tumour
breast cancers and tumours larger than 2 cm. Its indication and the lymph node metastases, which correlates with disease-
decreases the stage of the tumour and increases the possibility of free survival and overall survival [3-8], when hematoxylin
a conservative treatment [1,2], allowing in addition to evaluate eosin (HE) is not observed tumour cells it is necessary to use
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immunohistochemical techniques for the detection of keratins [4].

The prediction of the response to neoadjuvant treatment would
allow choosing the appropriate neoadjuvant treatment, improving
the prognosis of the patient. The prediction of the response to
neoadjuvant treatment would make it possible to choose the
appropriate neoadjuvant treatment, improving the patient's
prognosis.

Ki67 is a core protein, the gene encoding it is on the long arm of
chromosome 10 [9], is a marker of cell proliferation that is present
in the active phases of the cell cycle (G1, S, G2, and Mitosis) and
is absent at rest GO [10].

Their values have been used to differentiate the molecular subtype
of breast cancer between the Luminal A subtype and Luminal B
when the Ki67 value is less than 14% expression in the nuclei of
tumour cells [10-12]. On the other hand, high Ki67, regardless of
axillary involvement, is associated with a higher probability of
relapse, less disease-free survival and lower overall survival [13].
Patients treated with neo-adjuvant chemotherapy with pathologic
complete response (pCR) have also been shown to have higher
rates of Ki67 [14].

The prediction of the response to neoadjuvant treatment would
allow choosing the appropriate neoadjuvant treatment, improving
the prognosis of the patient. The body mass index (BMI) that
is equal to the weight in kilograms divided by the square of the
height. Breast cancers in patients with a high BMI, have a higher
nuclear grade, size and Ki67, compared to women with a normal or
low-weight BMI [15]. Valued independently has been postulated
as a predictive factor of pCR [16-18].

In this study we evaluated the BMI and Ki67 value with the degree
of pathological response in patients with breast cancer undergoing
neoadjuvant chemotherapy.

Material and Methods

The response to neoadjuvant treatment is studied in 170 patients
with infiltrating breast cancer who were treated with neoadjuvant
chemotherapy consecutively in our center from March 2000 to
June 2106.

To measure the pathological response, the Miller and Payne
gradation system (MPG) has been used, which consists of a scale
of 5 categories. Grade 1 is the absence of response and grade 5
is the complete pathological response. When tumour cells are not
observed by routine histological techniques it is necessary to use
immunohistochemical techniques for the detection of keratins [4].

We considered pathologic response to MPG Grade 4 (reduction>
90%) and MPG Grade 5 (absence of infiltrating tumour). Ki 67
has been studied immunohistochemically using the antibody,
anti-Ki-67 [5] (Ventana, Tucson AZ) and the positivity in tumour
cell nuclei expressed as a percentage of the total tumour cells
evaluated in the areas of greater immunohistochemical expression.

To decrease the variability of the immunohistochemical evaluation
has been correlated with the histological grade and the state of the
hormonal receptors [21,34-36].

The BMI was assessed by the ratio of the weight expressed in
kilograms and the square of the height in meters. It was considered
low if it was below 18.5, normal between 18.5 and 24.9 and high if
it was 30 or higher. The study of BMI and tumour Ki67 was done
before to neoadjuvant chemotherapy. Treatment with neoadjuvant
chemotherapy was done with Anthracyclines and Taxanes. In all
cases after neoadjuvant treatment, a histological study was done to
assess the response

A logistic regression of the pathological response according to
MPG 4 and 5 was performed with continuous BMI values, levels
of Ki67 (<14% and> 14%), estrogens' receptor (RE) positive and
negative, progesterone receptor (RP) positive and negative, and
human epidermal growth factor receptor 2 (HER2), a predictive
graphic of the response to neoadjuvant chemotherapy was obtained.

Results

The mean age of the patients was 48.6 years (+ 9.2). The degree of
pathological response of MyP was Grade 1, 2 or 3 in 84 patients
(49.4%) and 4.5 in 86 cases (50.6%).

The study of factors was: Ki67 <14 in 56 (32.9%) tumours and
Ki 67> 14 in 114 (67.1%) tumours; RE negative in 40 (23.5%)
tumours and positive ER in 130 (76.5%) tumours; Negative RP
in 75 (44.1%) tumours and positive RP in 130 (76.5%) tumours;
HER?2 negative in 118 (69.4%) tumours and HER2 positive in 52
(30.6%) tumours.

MPG 4-5 was obtained in 86 patients (50'6%) with a mean age of
48'4 + 8'8 years. MPG 1-2-3 was obtained in 84 patients (49.4%)
with a mean age of 48.82 + 9.7 years. The mean BMI in patients
with MPG 1-2-3 was 23.35 + 4.64, and in patients with MPG 4-5
it was 25.24 + 4.25 (p = ns).

MPG 4-5 was obtained in 22 (26%) tumours with Ki67 <14 and 64
(74%) tumours with Ki67> 14 (p <0.05); in 24 (28%) ER-negative
tumours and 62 (72%) ER-positive tumours (p = ns); in 46 (53%)
RP negative tumours and 40 (47%) RP positive. (P <0.05); In 51
(43.2%) HER2 negative and 35 (67.3%) HER2 positive tumours
(p <0.05) (Table 1).

MyP 4-5 N %
Ki67 < 14 2 26
. p<0°05
Ki67 > 14 64 74
RE- 24 28
p=ns
RE+ 62 72
RP- 46 53
p<0°05
RP+ 40 47
HER2- 51 4372
p<0°05
HER2+ 35 67°3

Table 1: Prognostic factors and MyP 4-5.
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We grouped the 170 patients into eight subgroups of patients
according to the status of Ki67, RP and HER2 assessing MPG 4-5.
(Table 2).

NO SI
MyP 4-5
N % N %
Ki67>14 RP- | HER2- | 8 | 727 3 27°3
p<0°05
Ki67>14 RP- | HER2+ | 1 1077 5 833
Ki67>14 RP+ | HER2- | 22 | 688 | 10 | 31°3
=NnS
Ki67>14 RP+ |HER2+| 3 | 429 | 4 | 571 | 7
Ki67<14 RP- | HER2- | 15 | 409 | 22 | 59’5
=ns
Ki67<14 RP- | HER2+| 5 | 238 | 16 | 762 | "
Ki67<14 | RP+ | HER2- | 22 | 579 | 16 | 42’1
=nSs
Ki67<14 | RP+ | HER2+| 8 | 444 | 10 | 556 | ©

Table 2: MyP 4-5 in patient subgroups.

The MPG 4-5 in Ki67 <14 RP (-) HER2 (-) was obtained in 3
(27.3%) cases and was not obtained in 8 (72.7%) cases, Ki67>
14 RP (-) HER2 (+) was obtained in 5 (83.3%) cases and was not
obtained in 1 (10.7%) cases. (p<0.05).

There were no significant differences in the other subgroups; Ki67
<14 RP + HER2- was obtained in 10 (31.3%) cases and was not
obtained in 22 (68.8%), in Ki67> 14 RP + HER2 + 4 (57.1%)
was obtained and not obtained in 3 (42.9%) cases (p = ns); Ki67
<14 RP (-) HER2 (-) was obtained in 22 (59.5%) cases and was
not obtained in 15 (40.9%) cases, Ki67 <14 RP (-) HER2 (+) was
obtained in 16 (76.2%) cases and was not obtained in 5 (23.8%)
cases (p = ns); Ki67 <14 RP (+) HER2 (-) was obtained in 16
(42'1%) cases and was not obtained in 22 (57'9%) cases, Ki67 <14
RP + HER2 + was obtained in 10 (55'6% ) cases, and was not
obtained in 8 (44.4%) cases (p = ns).

Discussion

Neoadjuvant chemotherapy allows in vivo evaluation of the
treatment effect on the tumour, increasing the possibility of
conservative surgery by decreasing tumour size. The response to
neoadjuvant chemotherapy is a prognostic factor, with the complete
pathological response being a marker of increased progression-
free survival and increased overall survival [3-6,19-25].

The possibility of being able to predict the response to neoadjuvant
chemotherapy based on the patient's tumour characteristics, with
Ki67, HER2 and RP, may allow to design a better chemotherapy
model and to have better information to establish the treatment.

Ahigh BMI is associated with an increase in the incidence of breast
cancer [16], with more aggressive tumours and worse prognosis
[27], some authors [18,19] have found that obese women develop
breast cancer with a significantly higher proliferation index, high
nuclear grade, and a larger size compared to women with normal
or low BMI.

Controversy exists whether obesity may affect the response to

chemotherapy because conversion to active metabolite and / or
clearance of cytotoxic drugs may be altered by increased body
weight without a corresponding increase in toxicity [20].

There are authors who report that obese women are more likely to
have hormone-receptor-positive tumors with a worse response to
neoadjuvant chemotherapy [21], but others report that subgroups
of obese patients have tumours with negative hormone receptors
[22] and respond better to neoadjuvant chemotherapy [23].

In our study, BMI did not affect the response to neoadjuvant
chemotherapy. Expression of the Ki 67 protein is a marker for cell
proliferation [24] that is present during all active phases of the cell
cycle (G1, S, G2 and mitosis), but is absent in resting cells (GO)
[25].

The measurement of Ki67 by immunohistochemistry is the method
of choice [26], but it has great variability, which can be reduced
by correlating it with the histological grade and the state of the
hormonal receptors [27].

There is an association between Ki 67 and prognosis [28]. The
predictive value of Ki67 generates controversies, a high Ki67
value is seen in patients with pCR [29], being predictive of a
higher rate of pCR [30] but there are also patients with progression
during neoadjuvant chemotherapy who have a higher proliferation
index than those responding to chemotherapy [31,32], suggesting
a nonlinear effect of Ki67 on response to treatment [33].

In tumours expressing hormone receptors, the likelihood that
neoadjuvant chemotherapy will reach a 4-5 MPG response is lower
[34-41], but in many studies don’t differentiate between estrogens'
receptor and progesterone, in our results the status progesterone
receptor, but not the estrogens' receptor status predict the response
to neoadjuvant chemotherapy.

Neoadjuvant treatment with chemotherapy and anti-HER?2 therapy
is currently recommended in patients with HER2-positive tumours
[42], with a good response.

The statistically significant predictive factors with a MyP 4-5 that
we have seen are Ki67, RP and HER2. We have evaluated them
together in the same patient, establishing 8 subgroups of patients
with predictive factors: Ki 67, RP and HER2.

Only the subgroup of patients with Ki67> 14, RP (-), HER2 (+)
obtained a higher MPG IV-V (p <0.05).

In conclusion, according to our data, the response to neoadjuvant
treatment is better in the subgroup of patients with a Ki67> 14, RP
(-) and HER2(+) tumour.

References

1. Mauriac L, MacGrogan G, Avril A, et al. Neoadyuvant
chemotherapy for operable breast carcinoma larger 3 cm a
Unicenter randomized trial with a 124 month median follow

J Med - Clin Res & Rev, 2019

Volume 3 | Issue 1 | 3 of 5



10.

11.

12.

13.

14.

up. Institute Bergoine Bordeaux Groupe Sein IBBGS. Ann
Oncol. 1999; 10: 47-52.

Von Minckwitz G, Untch M, Blohmer JU, et al. Definition and
impact of pathologic complete response on prognosis after
neoadyuvante chemotherapy in various intrinsic breast cancer
subtipes. J Clin Oncol. 2012; 30: 1796-1804.

Umtch M, Fasching PA, Konecny GE, et al. Pathologic
complete response after neoadyuvante chemotherapy plus
trastuzumab predicts favourable survival in human epidermal
growth factor receptor 2 overexpresing breast cancer Results
from the TECHNO trial of the AGO and GBG study groups. J
Clin Oncol. 2011; 29: 3351-3357.

Ogston KN, Miller ID, Payne S, et al. A new histological
grading system to assess response of breast cancers to primary
chemotherapy: Prognosis significance and survival. Breast.
2003; 12: 320-327.

Durchow M, Schluter C, Wohlenberg C, et al. Molecular
characterization of the gene locus of the human cell
proliferation associated nuclear protein defined by monoclonal
antibody Ki 67. Cell Prolif. 1996; 29: 1-12.

Goldhrisch A, Winer EP, Coates AS, et al. Personalizing the
treatment of women with early breast cancer highlights of
the St Gallen International Expert Consensus on the Primary
Therapy of Early Breast Cancer 2013. Annals Oncology.
2013; 24: 2206-2223.

Cheang MC, Chia SK, Voduc D, et al. Ki 67 index HER2
status and prognosis of patients with luminal B breast cancer.
J Natl Cancer Inst. 2009; 101: 736-750.

de Azambuja E, Cardoso F, de Castro Jr G, et al. Ki67 as
prognostic marker in early breast cancer a meta-analysis of
published studies involving 12.155 patients. Br J Cancer.
2007; 96: 1504-1513.

Cuzick J, Dowsett M, Wale C, et al. Prognostic value of a
combined ER, PR, Ki67, HER2, immunohistocheminal IHC4
score and comparison with the GHI recurrence score, results
from TransATAC. Cancer Res. 2009; 69: 503s.

Daling JR, Malone KE, Doody DR, et al. Relation of body
mass index to tumour markers and survival among young
women with invasive ductal breast carcinoma. Cancer. 2001;
92: 720-729.

Litton JK, Gonzalez-Angulo AM, Warneke CL, et al.
Relationship between obesity and pathologic response to
neoadjuvant chemotherapy among women with operable
breast cancer. J Clin Oncol. 2008; 26: 4072-4207.

Sheng Chen, Can-Ming Chen, Ying Zhou, et al. Obesity or
overweight is associated with Worse Pathological Response
to Neoadjuvant Chemotherapy among Chinese Women with
Breast Cancer. PloS One. 2012; 7: e41380.

Litton JK, Gonzalez-Angulo AM, Warneke CL, et al.
Relationship between obesity and pathologic response to
neoadjuvant chemotherapy among women with operable
breast cancer. J Clin Oncol. 2008; 26: 4072-4077.

Hennessy BT, Hortobayi GN, Rouzier R, et al. Outcome
after pathologic complete eradication of cytological proven
breast cancer axillary node metastases following primary
chemotherapy. J.Clin.Oncol. 2005; 23: 9304-9311.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Dignam J, Wieand K, Johnson K, et al. Obesity, tamoxifen
uses and outcomes in women with estrogens' receptor positive
early stage breast cancer. J Natl Cancer Inst. 2003; 95: 1467-
1476.

Renehan AG, Tyson M, Egger M, et al. Body mass index and
incidence of cancer a systematic review and meta-analysis of
prospective observational studies. Lancet 2008; 371: 569-578.
Petrelli JM, Calle EE, Rodriguez C, et al. Body mass index,
height, and postmenopausal breast cancer mortality in a
prospective cohorte of US women. Cancer Causes Control.
2002; 13: 325-332.

Daling JR, Malone KE, Doody DR, et al. Relation of body
mass index to tumour markers and survival among young
women with invasive ductal breast carcinoma. Cancer. 2001;
92: 720-729.

Loi S, Milne RL, Friedlander ML, et al. Obesity and outcomes
in premenopausal and postmenopausal breast cancer. Cancer
Epidemiol Biomarkers Prev. 2005; 14: 18-25.

Powis G, Reece P, Ahmann D, et al. Effect of body weight on
the pharmacokinetics in breast cancer patients. Cancer. 1987;
20: 219-222.

Huang Z, Hankinson SE, Colditz GA, et al. Dual effects of
weight and weight gain on breast cancer risk. JAMA. 1997;
278: 1407-1411.

Litton JK, Gonzalez-Angulo AM, Warneke CL, et al.
Relationship between obesity and pathologic response to
neoadjuvant chemotherapy among women with operable
breast cancer. J Clin Oncol. 2008; 26: 4072-4077.

Liedtke C, Mazouni C, Hess KR, et al. Response to neoadjuvant
therapy and longterm survival in patients with triple negative
breast cancer. J Clin Oncol. 2008; 26: 1275-1281.

Sasaki K, Murakami T, Kawasaki M, et al. The cell cycle
associated change of the Ki67 reactive nuclear antigen
expression. J Cell Physiol. 1987; 133: 579-584.

Gerdes J, Lemke H, Baisch H, et al. Cell cycle analysis of a
cell proliferation associated human nuclear antigen defined by
the monoclonal antibody Ki67. J Immunol. 1984; 133: 1710-
1705.

Dowsett M, Nielsen TO, A’Herm R, et al. Assesment of Ki67
in breast cancer recommendations from the International Ki67
in Breast Cancer Working Group. J Natl Cancer Inst. 2011;
103: 1-9.

Izquierdo M, Rodriguez I, Tresserra F, et al. How to reduce
Ki67 variability jointly evaluating histological grade. J Clin
Oncol. 2015; 33: 127.

Urruticoechea A, Smith IE, Dowsett M. Proliferation marker
Ki67 in early breast cancer. J Clin Oncol. 2005; 23: 7212-
7220.

Cuzic J, Dowsett M, Wale C, et al. Prognostic value of a
combined ER, PR, Ki67, HER2, immunohistochemical IHC4
score and comparison with the GH I recurrence score, results
from TransATAC. Cancer Res. 2009; 69: 503s.

Yerushalmi R, Woods R, Ravdin PM, et al. Ki 67 in breast
cancer prognostic and predictive potencial. Lancet Obcol.
2010; 11: 174-183.

Caudle AS, Gonzalez Angulo AM, Hunt KK, et al. Predictors

J Med - Clin Res & Rev, 2019

Volume 3 | Issue 1 | 4 of 5



32.

33.

of tumour progression during neoadjuvant chemotherapy in
breast cancer. J Clin Oncol. 2010; 28: 1821-1828.

Viale G, Regan MM, Mastropasqua MG, et al. Predictive
value of tumour Ki67 expression in two ramdomized trials
of adjuvant chemoendocrine therapy for node negative breast
cancer. J Natl Cancer Inst. 2008; 100: 207-212.

Dowsett M, Nielsen TO, A’Hern R, et al. Assessment of Ki67
in breast cancer Recommendations from the International

34.

Ki67 in Breast Cancer working group. J Natl Cancer Inst.
2011; 103: 1656-1664.

Bear HD, Anderson S, Brown A, et al. The effect on tumour
response of adding sequential preoperative docetaxel to
preoperative doxorubicin and cyclophosphamide Preliminary
results from National Surgical Adjuvant Breast and Bowel
Project Protocol B-27. J Clin Oncol. 2003; 21: 4165-4174.

© 2019 Izquierdo M, et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License

J Med - Clin Res & Rev, 2019

Volume 3 | Issue 1 | S of 5



