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Original Article


Immunohistochemical Profiling of HER-2/neu, Steroid Hormone Receptors and KI-67 Biomarkers in A Cohort of Nigerian Women with Breast Cancer


Abstract
Background: Progressive improvement in the accuracy of profiling of hormone receptors in breast cancer provides the basis for targeted endocrine therapy, a major pillar of multimodal breast cancer treatment. However, the disparity in findings from comparatively smaller sample-sized studies in West Africa has led to somewhat conflicting conclusions and recommendations. Objectives: This study investigates the immunohistochemical (IHC) profile of breast cancer specimens for estrogen receptor (ER), progesterone receptor (PR), human epidermal receptor-2 (HER2)/neu, and Ki-67 in a tertiary hospital in Ibadan, Nigeria over 12 years. Materials and Methods: We reviewed 998 IHC reports, documented clinicopathologic parameters, computed patterns of biomarkers, and stratified them based on the American Society of Clinical Oncology/College of American Pathologists recommendations. Descriptive analysis including frequency, mean, and median were generated from the data extracted. Results: Out of the 998 cases, 975 (97.7%) were females and 23 (2.3%) were males. The mean age was 48.84±11.99 years. Open biopsies were the most common types of specimens (320, 41.6%): lumpectomy and incisional biopsy of ulcerated, fungating or unresectable tumours. In those cases, 246 (32.0%) were samples of breast-conserving or ablative surgical extirpation (mastectomy/wide local excision/quadrantectomy), and 203 (26.4%) were obtained by core needle biopsies. Invasive ductal carcinoma was the most common histopathological type (673, 94.5%). The majority of graded tumours were intermediate grade (444, 53.5%). Four hundred and sixty-nine (48.4%) were ER positive, 414 (42.8%) were PR positive, and 180 (19.4%) were HER2/neu positive. Three hundred and thirty-four (34.0%) were triple-negative. Eighty-nine cases had Ki-67 staining done, and of these 61 (68.5%) had positive nuclear staining. Conclusion: Steroid hormone receptors and HER-2/neu proportions in our cohort are likely to be more representative than the widely varied figures hitherto reported in the sub-region. We advocate routine IHC analysis of breast cancer samples as a guide to personalized endocrine therapy.
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Introduction
Hormonal therapy, a major pillar of integrated and personalized breast cancer care, has witnessed significant metamorphosis over the past century since the ground-breaking finding of Sir Beaston.[1] His observation that hormonal manipulation held immense potential in breast cancer treatment has been further explicated. Accurate profiling of hormone receptors expressed in breast cancer provides evidence-based guidance to targeted endocrine therapy, which provides one of the pillars for personalized breast cancer care.[2,3]
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The estrogen receptor (ER), a member of the nuclear protein superfamily,[3] functions via a multi-domain nuclear transcription by which it forms complexes with co-activators or co-repressors[4] to modulate transcription. Tamoxifen, the first generation of selective ER modulators (SERMs), is known to act through the latter pathway. Although SERMs have proven to be potent endocrine therapy for breast cancer, it is believed that resistance is ultimately inevitable.[4] The multimodal mechanism of newer-generation aromatase inhibitors (AIs) in blocking ER makes them a more effective hormonal therapy modality.[4] However, in SERM- and AI-refractory cases, pure antiestrogens (also called selective oestrogen receptor degraders, SERDs) can be considered, although the use
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of the only FDA-approved SERD, fulvestrant is limited by its poor bioavailability.[5] Progesterone receptors (PRs) serve as a surrogate marker of ER activity and a weaker predictor of endocrine therapy response.[3] Based on literature, hormone receptor status is a major determinant of breast cancer responsiveness to endocrine therapy, both in terms of overall and relapse-free survival.[2,6,7]

Human epidermal receptor-2 (HER-2) is a 185-kDa member of the transmembrane growth factor receptor family, and tends to function as a choice dimerization partner for other HER members. Its overexpression culminates in sustained trigger of signal transduction, proliferation overdrive, and immortalization of aberrant tumour cells bearing it. In trastuzumab-naïve patients, HER2-positivity has been identified as an independent unfavourable prognostic factor in breast cancer. Conversely, retrospective studies predict positive response to endocrine therapy and adjuvant chemotherapy in HER2-enriched tumours.[8]

[image: ]All proliferating cells express Ki-67, and its strong association with regulation of the cell cycle, tendency to drive aggressive tumour phenotype as well as its prognostic implication in breast cancer management are well described in literature. This is particularly important when the value is greater than 10%,[9-13] especially in younger women with basal-like, high grade, larger size, steroid hormone negative tumours.[14,15] Furthermore, high Ki-67 value assessed via real-time polymerase chain reaction and Immunohistochemistry (IHC) has been found to be a predictor of better response to neoadjuvant chemotherapy in locally advanced breast cancer. [16]

Various studies on breast cancer hormone receptor status in the West African sub-region have been somewhat conflicting. While three studies involving subjects from Nigeria, Senegal and Ghana reported ER positivity of 24%,[17] 25%,[18] 25%,[19] and 26.2%[20], other researchers from Nigeria and Mali found ER positive proportions of 58%,[21] 58.1%,[22] 59%,[23] and 65%,[24] in their studies. These studies had a total number of cases studied ranging between 103[22] and 507.[19] This is noted despite the fact that the cited studies share fairly comparable clinico-epidemiologic parameters, methods and period of study. A recent survey of pathology services from population-based cancer registries in SSA alluded to other potential factors affecting quality of results; including faulty machines, inconsistent power supply, suboptimal technical support and unavailability of consumables.[25]

In Nigeria, as in most other Low- and Middle-Income Countries (LMICs), IHC for receptor status is not routinely determined,[26] although recent evidence suggests this pattern is improving.[25] The fact that many centres with histopathology services lack personnel and infrastructure for it, coupled with the relatively high cost are some of the limiting factors against IHC.[26] The IHC uptake in confirmed breast cancer cases range from 18.7% to 31%

in some local studies in Nigeria.[26,27] Thus, a significant proportion of dedicated laboratories like ours are research-driven,[19,28] which confers an additional advantage of cost subsidy, therefore permitting many more samples to be analysed.

This study examines the immunohistochemical profile of breast cancer specimens for ER, PR, HER2/neu, and Ki-67 in a tertiary health institution in Ibadan, Nigeria over 12 years.

Materials and Methods Patients
The study is a retrospective review of 998 patients with breast carcinoma who had samples of core needle biopsy, lumpectomy, wide local excision (WLE) and mastectomy submitted for histopathology and immunohistochemistry service at the University College Hospital, Ibadan, over a 12-year period, January 2005 to December 2016. Data were extracted from the databases of the Surgical Oncology unit and Breast Cancer Registry in the Department of Surgery, Department of Pathology and the Institute for Medical Research and Training of our centre. A total 1118 cases were submitted for IHC after a breast cancer histopathological diagnosis over the 12-year period. The inclusion criteria are age of the patient, gender, hormonal receptor status that was used for therapeutic decision, histopathological type, and tumour grade. Of the 1118, 120 cases with incomplete documentation of demographic parameters were excluded from the study and the analysis.

The gender, age, steroid hormone receptor status (ER and PR) and HER-2/neu status, histologic type (WHO classification), and tumour grade (Scarf-Bloom Richardson system) were retrieved. Each case was re-evaluated and rescored using the American Society of Clinical Oncology (ASCO) scoring for uniformity to meet the inclusion criteria of satisfactory dataset with regard to IHC scoring. Ki-67 analysis was carried out in our centre only in 2016. All the data were entered into a spread sheet.

Laboratory IHC protocol
Pre analytical phase

Typically, the cold ischaemic time is shortened based on the protocol established for IHC service in the hospital. The incisional and excisional biopsies are fixed immediately in 10% neutral buffered formalin (NBF). The mastectomies are grossed within a maximum of 30 minutes and representative sections are placed in 10% NBF. We do not allow tissues more than 24 hours in fixative before processing.

Analytical phase

The protocol used for IHC of Formalin Fixed Paraffin Embedded tumour tissue in our hospital follows manufacturer’s instructions and protocol. After sectioning, this typically involved de-paraffinizing the slides in xylene


8	Journal of the West African College of Surgeons | Volume 13 | Issue 2 | April‑June 2023
[bookmark: _page_104_0][Downloaded free from http://www.jwacs-jcoac.com on Monday, April 17, 2023, IP: 2.27.163.176]

Ayandipo, et al.: Immunohistochemical profiling of breast cancer biomarkers


twice, 5 minutes each. The slides are then transferred into 100% alcohol for two times, 3 minutes each, and then transferred through 95% and 70% alcohol preparations, twice and once respectively for 3 minutes each. Slides are then rinsed with wash buffer twice, 5 minutes each.

Antigen retrieval is then performed to unmask the antigenic epitope, the most commonly used antigen retrieval buffer being a citrate pH 6.0 and EDTA pH 9.0. Blocking buffer (e.g., 10% foetal bovine serum in phosphate-buffered saline or 3% H O ) is then added onto the sections of the slides, incubated in a humidified chamber at room temperature for 15minutes, drained off and washed in wash buffer. After this, appropriately diluted primary antibody and biotinylated + streptavidin HRP secondary or polymeric-HRP anti-mouse/anti-rabbit are added to the sections on the slides sequentially, with incubation in a humidified chamber following each stage.2      2


3,3′-Diaminobenzidine substrate solution (freshly made just before use: 0.05% 3,3′-Diaminobenzidine – 0.015% H O in phosphate-buffered saline) is used to reveal the colour of antibody staining and slides are then counterstained by immersing sides in Gill’s Haematoxylin for 10–20 seconds. Slides are rinsed, dried, dehydrated serially through alcohol (95%–100%), cleared in xylene and mounted. The colour of the antibody staining in the tissue sections is observed under microscopy. Slides can be stored at room temperature permanently.2      2



Post analytical phase/immunohistochemistry assessment

American Society of Clinical Oncology/College of American Pathologists (ASCO/CAP) scoring system is adopted in our centre and was used for all the IHC. It is a semi-quantification of the staining of the tumour cells. The scoring of ER and PR was based on the staining intensity (as either weak, moderate, or intense) and the percentage of tumour cells showing a nuclear immunostaining for ER and PR (range: 0%–100%). ER and PR are adjudged positive when ≥1% of tumour cells have nuclear immunoreactivity,[29,30] while the degree of staining intensity as highlighted above is also documented but not considered for ASCO scoring. HER-2 was evaluated based on the intensity of cell membrane staining and percentage of membrane positive tumour cells to give a score that range from 0 to 3+.[31] HER-2 is considered positive when ˃10% of the tumour cells show strong circumferential staining of tumour cells corresponding to a score of 3+. A weak to moderate complete membrane staining in more than 10% of tumour cells is scored 2+ or equivocal while HER2 is negative when there is no staining, weak incomplete staining and membrane staining in less than 10% of tumour cells [Figure 1]. All HER2 that were equivocal are not further assessed due to the lack of fluorescencein situ hybridization (FISH) facilities.

Ki-67 score was expressed as the percentage of the number of immunostained nuclei among the total number of nuclei of tumour cells regardless of the immunostaining


























Figure 1: Composite photomicrographs of (a) (×400): Representative oestrogen receptor (ER) positive tumour (3+). (b) (×400): Representative progesterone receptor (PR) positive tumour (3+). (c) (×400): Representative human epidermal receptor-2 (HER-2) positive tumour (3+). (d) (×400): Representative Ki-67 positive tumour, proliferative index about 35%
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Table 1: Epidemiologic and clinico-pathologic characteristics

Characteristic
Age at diagnosis (years)






Sex

Period of diagnosis


Type of specimen

Variable completeness (%)* 100






100

100


96.5

Categories ≤30
31–40 41–50 51–60 61–70 71–80 >80 Female Male
2005–2008 2009–2012 2013–2016 Core needle Open biopsy

Number (% of available data) 50 (5.0)
199 (19.9) 355 (35.6) 256 (25.7) 80 (8.0) 47 (4.7) 11 (1.1) 975 (97.7) 23 (2.3) 254 (25.4) 280 (28.1) 464 (46.5) 253 (26.3) 401 (41.6)


Histological type





Tumour grade

Mastectomy/WLE/quadrantectomy 71.3	Invasive ductal
Invasive lobular Medullary Mucinous Tubular
Mixed 91.2	Low grade
Intermediate grade High grade

309 (32.1) 673 (94.5) 23 (3.2)
2 (0.3) 10 (1.4) 1 (0.1) 3 (0.4)
174 (21.0) 444 (53.5) 212 (25.5)

*The components left out were either missing, improperly documented or ambiguous


intensity. The counting was performed in three randomly selected fields of the breast tissue section at ×400 magnification. Ki-67 score ranged from 0% to 100%. The expression of proliferation index Ki-67 is categorized into three groups: low (Ki-67 ≤ 14%), intermediate (Ki-67: 15%–30%), and high (Ki-67 > 30%) according to the recommendations of the St Gallen International Consensus of Experts.[32,33]

Ethical issues and data analysis
The study was conducted in compliance with the guidelines of the Helsinki declaration on biomedical research in human subjects. Confidentiality of the identity of the patients and personal health information was maintained.

Data were statistically analysed using the IBM SPSS Statistics (Version 20.0, IBM Corp, Armonk, NY), and the analysed data are presented using tables and charts. Descriptive analysis in terms of frequency, mean, and median were generated from the data extracted. In addition, patterns of biomarkers were documented in terms of clinico-pathological parameters and Ki-67 expression.

Results
A total of 998 patients were included in the study. Table 1 shows their biodata. The mean age was 48.84±11.99years, with a range of 20–92 years. Median age was 48.00 years, with 35.6% of the patients in the 41–50 category.

Out of the 769 specimens that had documented modality by which they were obtained, open biopsies were the most common types of specimens (320, 41.6%): lumpectomy and incisional biopsy of ulcerated, fungating or unresectable tumours. 246 (32.0%) were samples of breast-conserving or ablative surgical extirpation (mastectomy/wide local excision/quadrantectomy) and 203 (26.4%) were obtained by core needle biopsies.

Invasive ductal carcinoma was the most common histopathological type (673, 94.5%) followed by invasive lobular carcinoma (23, 3.2%). Others include mucinous, medullary, tubular and mixed subtypes [Table 1]. The most common tumour grade was the intermediate (444, 53.5%) followed by the high grade (212, 25.5%) and then the low grade (174, 21.0%).

Discussion
Literature from the West African sub-region appears to show a common ground in terms of specific epidemiologic characteristics of patients; range and mean ages at diagnosis consistently identified between 20–92 years and 45–49 years, respectively.[21,23,34-38] This similarity has also been demonstrated in different types of studies that include small sample size cross-sectional studies[38,40] as well as in a prospective study of 302 patients in Ivory coast.[41] These findings show disparity and contrast with mean age of 55-58 years reported in the USA[42] and 55.3±14.3 years
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Table 2: Pattern of biomarkers based on IHC

Characteristic
ER

Variable completeness (%) 97.1

Categories Negative
Positive

Number (% of sample data)# 500 (51.6)
469 (48.4)







PR





HER2/neu


Ki-67 (n = 89)





Molecular subtypes

-out of which - Staining intensity: 1+ (1%–9%)
2+ (10%–33%) 3+ (>33%)
97.0	Negative Positive
-out of which - Staining intensity: 1+ (1%–9%)
2+ (10%–33%) 3+ (>33%)
92.8	Equivocal (2+) Negative (0 and 1+) Positive (3+)
100	Equivocal Negative
Positive: out of which
Staining intensity: Low (≤14%) Intermediate (15%–30%)
High (>30%)
98.4	Lumina A (ER &/or PR+, HER2–) Lumina B (ER &/or PR+, HER2+) Triple negative (ER/PR–, HER2–) HER2-enriched (ER/PR-, HER2-)
Inconclusive (ER/PR+, HER2?; ER/PR?, HER2+/–)

293 (30.2)

66 (6.8) 110 (11.4) 554 (57.2) 414 (42.8) 267 (27.6)

71 (7.3) 76 (7.9) 42 (4.5) 704 (76.0) 180 (19.4) 13 (14.6) 15 (16.9) 61 (68.5) 46 (51.7) 9 (10.1)
6 (6.7) 364 (37.1) 86 (8.8) 334 (34.0) 91 (9.3) 107 (10.9)

#Apart from Ki-67, for which the subgroup percentages are with respect to n = 89



in a large South African study with a significant white population.[43] Those studies illustrate that most of the breast cancer cases were in post-menopausal women in contrast to most studies from sub-Saharan black African populations who are mainly pre-menopausal.

In our study, over 60% of new cases of breast cancer were diagnosed by age 50 years. These pieces of evidence continue to accumulate and strengthen the argument for screening protocols at an earlier age in indigenous black women. Given that late diagnosis is a standout factor contributing to breast cancer mortality in LMICs with data showing comparable early-stage breast cancer survival outcomes when compared with HICs (78% vs 86%),[21] it is expected that HDI (human development index)-adjusted excess hazards of death in this cohort should further compete fairly with that of HICs, when the economic implications of breast cancer treatment in LMICs are taken into consideration.

Women were unsurprisingly the overwhelming majority in our series; male proportion of 2.3% is in keeping with 1%[39] to 3.8%[23] earlier reported.[44] African and African-American women are less likely to have lobular breast carcinoma subtype compared to their Caucasian counterparts, and the low yield (3.2%) is in keeping with a number of previous findings in black women—4.2%[15] and 2.4%[27], respectively.

Despite the relatively comparable biodata parameters and study designs, data from literature across Nigeria, Senegal, Ivory Coast, Ghana and East Africa have shown a widely variable ER positive status, ranging from a mere 24%, to 65%, with these studies carried out mainly in indigenous black women. This has led to differing treatment recommendations, including contradictory opinions. Omoniyi-Esan et al.[36] in a review of 136 cases in Ile-Ife, south-west Nigeria found ER positivity of 34.6% and suggested that a routine use of antiestrogens is justifiable in such a low-resource setting if IHC is unavailable, even though triple-negative tumours were commoner than receptor-positive groups in their cohort. On the other hand, in another predominantly triple-negative breast cancer cohort with ER+ of 36.8% in north-east Nigeria, Minoza et al.[40] recommended a redirection of treatment of choice from hormonal therapy to cytotoxic chemotherapy, an opinion that had earlier been shared by Zaha in 2014.[30]

A meta-analysis of pooled data of over 4700 breast carcinoma IHC revealed an overall ER+ of 42% in SSA, although there was considerable heterogeneity in ER proportions (I-squared statistic = 97%) between the samples processed prospectively (59%) and archival tissue blocks (30%). [45]
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Table 3: Proportions of clinico-pathological parameters and KI-67 expression in breast cancer samples
Variable	Frequency (%) Age (n = 89)

across strata of gender, clinical stage and specimen types which were reviewed over a 12-year period, arguably presents a more representative population of patients and to our knowledge, the largest cohort reported in West Africa.

≤30 31–40 41–50 51–60 61–70 71–80 >80
Histological type (n = 57) Invasive ductal Invasive lobular Mucinous
Tumour grade (n = 64) Low grade Intermediate grade High grade
Vascular invasion (n = 44)* Absent
Present ER (n = 86)
Negative Positive
PR (n = 86) Negative Positive
HER2/neu (n = 80) Negative Positive
Molecular subtypes (n = 88) Lumina A

3 (3.4) 19 (21.3) 28 (31.5) 25 (28.1) 7 (7.9)
6 (6.7) 1 (1.1)

55 (96.4) 1 (1.8) 1 (1.8)

12 (18.8) 43 (67.1) 9 (14.1)

15 (34.1) 29 (65.9)

[image: ]58 (67.4) 28 (32.6)

64 (74.4) 22 (25.6)

68 (85.0) 12 (15.0)

23 (26.1)


While Adebamowo et al.[24] notably concluded that there is no difference between hormone receptor status of breast cancer patients of indigenous African women and other populations, other reports suggest this assertion may be true only for a subset of East African women.[40,48] Our findings therefore support the majority who have found a lower proportion of ER+ tumours.[37-41] Furthermore, an NCI SEER database of over 197,000 breast cancer cases showed a higher stage-adjusted ER-positivity rates in African-Americans while the TJUH database of 2230 patients showed Caucasian versus African-American ER+ values of 63.1% and 51.9%, respectively (P = 0.0003).[15]

Correlates data on ER and PR suggest that both receptors are co-dependent, the latter being the weaker variable in predicting response to endocrine therapy, after adjusting for confounders.[49,50]

At 19.4%, HER-2/neu+ status of our patients is higher than the 4%[37], 5.2%[24] and 10.8%[28] reported in western Nigeria; it tallies with the 19%[47], 19.6%[51], 21.1%[40] and 22%[38] found across West Africa but much lower than the 38.2%[36] documented at Ile-Ife. IHC studies in which archival tissue blocks are retrieved and processed for receptor status are known to present low yield as a result of molecular degeneration over time due to marked fluctuations in temperature of the tissue storage facility, among other factors.



Lumina B	7 (8.0) Triple negative                                                           44 (50.0) HER2-enriched	5 (5.7) Inconclusive                                                                 9 (10.2)
*45 cases had unrecorded vascular invasion status

Based on the recommendations of the ASCO/CAP Expert Panel report[29,46] on which the stratification of steroid receptor positivity of our centre is premised, the cut-off point separating positive from negative cases is ≥1% nuclear staining as earlier pointed out, which is the threshold for which endocrine therapy should be considered, justifying the risk-benefit ratio of hormonal therapy. Results were labelled “equivocal” when they were uninterpretable or when sample processing deviated from pre-analytic specifications. Due to variability of computation and interpretation of composite scores such as the AllRed Score across institutions,[47] we therefore adopted the ASCO/CAP three-parameter recommendations to present our findings.

In this study, ER+ was 48.4%, [Table 2] which is lower than the 58%[21] and 59%[23] earlier reported by two studies from our unit. These studies involved 63 and 354 participants, respectively. This larger cohort of almost 1000 patients


Furthermore, Adebamowo et al. documented unknown/ inconclusive outcome for over 15% of the HER-2 results, some of which could have been positive. In a sequential FISH analysis of IHC-equivocal 373 HER-2 results, Agersborg et al. found that 52.3% of the equivocal cases became positive.[52] In our study, the equivocal HER-2 results are FISH-unadjusted as facility for it was unavailable. Opinions are somewhat divided on the cut-off for a “positive” HER-2 status, but current consensus (ASCO/CAP) provides that a uniformly circumferential intense tumour staining of >30%, corresponding to 3+ is adjudged positive, while weakly positive (1+ and 2+) are excluded.[30] This guideline has been adopted in our study; however, studies that capture 1+ and 2+ HER-2 positivity are likely to obtain spuriously inflated figures. This may explain some of the unusually high percentages in local literature.

Ki-67 assay is not readily performed in our country and sub-region. In our analysis of 89 samples, just over two-thirds (68.5%) were Ki-67 positive [Table 3]. Agboola et al.[9] reported Ki-67 positivity of 82.6% in a cohort of 308 Nigerian women, and found poorer breast cancer prognosis compared with UK grade-matched 1902 patients, among whom 66.7% were Ki-67 positive. In their Nigerian series,
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a significant proportion of the patients were younger than 50 years at diagnosis, were premenopausal, had ductal carcinoma histologic type and had evidence of vascular invasion and lymph node metastasis (P < 0.001). With our total cases less than a third of theirs, we adjudge they may have presented a more representative summary, although the details of their sampling techniques have to be taken into consideration. Furthermore, our data were obtained in the first year of Ki-67 assay learning curve of our laboratory. Agboola et al. concluded that Ki-67 expression is an indicator of unfavourable tumour biology and poor prognosis. In addition to other known parameters with prognostic value including ER, PR and HER-2 status, accurate characterization of this cell proliferation signature holds immense value in prognostication of indigenous black women breast cancer patients.

[image: ]Among 679 cases in the TJUH registry in which a direct race comparison was made, African-Americans had a significantly higher Ki-67 proliferation expression (42.2% vs 28.7%; P< 0.001).[15] The figures are probably lower because a positive cut-off of 20% was used in that database. For the women of African heritage, increased Ki-67 expression correlated with poor survival outcomes; while there was also increased p53 expression, higher nuclear grades and overall trend of invasive tumour subtypes.

Although Morris et al. did not find any difference in the expression of p21 and bcl-2 between their African–American and Caucasian patients; Agboola et al. found a difference between their Nigeria versus UK cohorts when sub-stratified based on Ki-67 expression. [9,15] Given that these protein biomarkers are not assayed routinely, more research into this area is needed to draw conclusions about their patterns and correlation with other immunohistochemical biomarkers.

Conclusion
At 48.4% and 19.4% respectively, ER and HER-2/neu positive immunoreactivity found in our study is arguably more representative than the widely varied figures hitherto reported in the sub-region. We have presented data from a larger number of samples processed in a dedicated laboratory with reports classified based on the ASCO/ CAP recommendations. We strongly advocate routine IHC analysis of all breast cancer samples as a guide to individualized endocrine therapy. Further research to explore manipulating KI-67 as a potential breast cancer treatment in native black women is recommended.

Limitations
Lack of FISH facilities hampered further characterization of equivocal hormone receptor status.
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