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Abstract:  32 

Purpose 33 

Ki67 assessed at diagnosis (Ki67baseline ) is an important prognostic factor in primary 34 

oestrogen receptor positive (ER+) breast cancer. Proportional change in Ki67 after 2 weeks’ 35 

(∆Ki672week) is associated with clinical benefit from endocrine therapies and residual Ki67 36 

(Ki672week) with recurrence-free-survival. The  aim was to  define the association between 37 

Ki67baseline, and after aromatase inhibitor (AI) exposure ∆Ki672week and Ki672week with key 38 

prognostic and biologic factors utilising data from the POETIC study. 39 

Patients and Methods 40 

In POETIC 4480 postmenopausal patients with primary ER and/or PgR+ breast cancer were 41 

randomised 2:1 to 2 weeks’ pre-surgical AI (anastrozole or letrozole) or no pre-surgical 42 

treatment (control). Ki67 was measured centrally in core-cut biopsies taken prior to AI and 43 

in core cuts or the excision biopsy at surgery. Relationships between the Ki67 and biologic 44 

factors were explored using linear regression. 45 

Results  46 

Established associations of Ki67baseline with biologic factors including PgR status, tumour 47 

grade, tumour size, histological subtype, nodal status, and vascular invasion were confirmed 48 

in the HER2- subpopulation. In the HER2+ subpopulation only grade and tumour size were 49 

significantly associated with Ki67baseline. In control group Ki672week was 18% lower than 50 

Ki67baseline (p<0.001) when Ki672week was measured in excision biopsies but not when 51 

measured in core-cuts. Median suppression by AIs (∆Ki672week) was 79.3% (IQR: -89.9 - -54.6) 52 

and 53.7% (IQR: -78.9 - -21.1) for HER2-ve and HER2+ve cases respectively. Significantly less 53 
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suppression occurred in PgR- vs PgR+ and HER2+ vs HER2- tumours which remained 54 

apparent after adjustment for 2 week sample type. 55 

Conclusions 56 

The magnitude of this study allowed characterisation of relationships between Ki67baseline, 57 

∆Ki672week and Ki672week with high degrees of confidence providing a reference source for 58 

other studies. Lower values of Ki67 occur when measured on excision biopsies and could 59 

lead to apparent but artefactual decreases in Ki67: this should be considered when either 60 

∆Ki672week or Ki672week are  used in routine clinical practice to aid treatment decisions or in 61 

clinical trials assessing new drug therapies.  62 

  63 
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Background 64 

The nuclear proliferation marker, Ki67, is measured in many malignancies including primary 65 

breast cancer(1). International efforts have shown progress in standardising its measurement 66 

such that its value for aiding clinical practise may be realised(2). Ki67 analysis in primary 67 

breast cancer is known to be a prognostic marker for the >80% of patients whose breast 68 

cancers are ER-positive(3) (ER+). Such an example is its licencing as a companion diagnostic 69 

for abemaciclib in the US(4). Yet, where an individual patient’s Ki67 measurement sits within 70 

the distribution of the patient population with similar clinical and pathological characteristics 71 

is less well described. For example, how unusual is a Ki67 measurement >20% for a patient 72 

with lobular cancer, especially if this is residually high after short term exposure to an 73 

aromatase inhibitor (AI)? Optimising prognostic tools, which incorporate such biomarker 74 

results and illustrate the distribution of biomarkers according to classical clinical-pathological 75 

factors is therefore a high priority so that risk-based decisions can be estimated with 76 

confidence for the individual patient.  77 

 78 

Short-term presurgical treatment of patients with primary breast cancer, particularly those 79 

with ER+ disease, has become popular to gain insights into drug activity but also for identifying 80 

groups of patients who may be candidates for response-adapted therapy(5). Ki67 is the 81 

primary endpoint for the large majority of these studies. The limited size of almost all these 82 

studies does not permit confident assessment of the relationship with clinicopathologic 83 

factors and commonly measured biomarkers or the impact of such on the pharmacologic 84 

effectiveness of presurgical therapy on Ki67. 85 

 86 
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In the large majority of primary ER+ breast cancer Ki67 is markedly suppressed by just 2 87 

weeks’ endocrine therapy(6).  We and others have shown that the degree of suppression 88 

(∆Ki672week) is predictive of response to prolonged endocrine therapy (3, 7).  For example, in 89 

the neoadjuvant IMPACT trial, the mean suppression of Ki67 by anastrozole was significantly 90 

greater than that by tamoxifen or the combination of anastrozole and tamoxifen at both 2 91 

and 12 weeks(3). Similarly, in the parallel ATAC adjuvant trial, anastrozole reduced recurrence 92 

to a greater extent than tamoxifen or the combination(8). Given that the mean Ki67 93 

suppression by each of the patient groups in IMPACT was only slightly more at 12 than at 2 94 

weeks, and that 2 weeks is a common duration for the period between breast cancer 95 

diagnosis and surgery, the measurement of this biomarker change within what has become 96 

known as the presurgical “window of opportunity” has become a primary endpoint in pre-97 

surgical studies of novel agents. The measurement of Ki67 after such presurgical treatment 98 

also has the potential to be used to triage patients away from endocrine treatment alone in 99 

the case of sub-optimal response(9). Of particular note regarding prognosis, the absolute 100 

level of Ki67 expression at 2 weeks (Ki672week)  was  shown to be more strongly related to 101 

recurrence-free survival than pre-treatment levels (Ki67baseline)(10). This seems likely to be due 102 

to Ki672week integrating the intrinsic prognostic value of Ki67baseline and the improvement in 103 

prognosis that is reflected by ∆Ki672week. Some investigators advocate the estimation of 104 

complete cell cycle arrest (Ki67</=2.7%) for identifying patients with the best prognosis on 105 

endocrine therapy(11). 106 

 107 

Evidence to inform whether the gain in prognostic insights from measuring Ki672week is 108 

sufficient to merit routine administration of endocrine therapy prior to surgery has been 109 



 7 

recently reported  in the PeriOperative Endocrine Therapy for Individualised Care (POETIC) 110 

trial (ISRCTN: 63882543, CRUK/07/015)(12). This trial randomised over 4,400 UK 111 

postmenopausal women with hormone sensitive primary breast cancer to receive a non-112 

steroidal AI (letrozole or anastrozole) for 2 weeks prior to and after surgery or no 113 

perioperative endocrine treatment (2:1). The study did not show that perioperative endocrine 114 

treatment improved long term outcomes but did show that Ki672week  <10% was associated 115 

with low risk of recurrence. Ki67 analyses from the trial used a scoring method that has 116 

formed the basis for international standardisation(13). We report here the relationship 117 

between Ki67baseline, Ki672week and ∆Ki672week with key prognostic and biologic factors. While 118 

we have shown that the large majority of patients show a reduction in Ki67 after 2 weeks’ 119 

treatment with an aromatase inhibitor, the degree of change differs markedly between 120 

patients. It is known that suppression is greater in tumours with high ER and PgR and in those 121 

negative for HER2(14) but the degree to which these relationships are independent of one 122 

another and of commonly measured clinicopathologic features could not be established in 123 

the modest sized studies to date. The number of patients included in POETIC enabled to 124 

address those issues. We also were able to determine if differences in Ki67 levels according 125 

to biopsy type were sufficiently substantial to impact on prognostic estimates, and to describe 126 

extent of Ki67 suppression achieved according to choice of AI, issues for which there was very 127 

limited information to date.   128 

  129 

http://www.isrctn.com/ISRCTN63882543
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Methods 130 

The primary clinical results and detailed methods for POETIC have already been reported(12). 131 

Details included here are those pertinent to the current report.  132 

 133 

Patients and Procedures 134 

POETIC was a phase III, multicentre, randomised trial for postmenopausal women with ER or 135 

PgR positive invasive breast cancer. Women were randomized (2:1 allocation ratio) to 136 

perioperative therapy with a non-steroidal AI (POAI), anastrozole (1mg/day) or letrozole 137 

(2.5mg/day) (AI choice determined by centre policy) for two weeks before and two weeks 138 

after surgery or no perioperative therapy (control). Subsequent therapy was according to 139 

local standard of care. Ki67 was evaluated as a biomarker in relation to its effect on predicting 140 

disease outcomes and as a secondary endpoint to assess changes between baseline and 141 

surgery. Full details of the design and statistical analysis methods of the main study are 142 

available in the main clinical paper(12).   143 

 144 

Patients provided written consent for the use of core-cut biopsies taken at diagnosis or, if 145 

material was not available at diagnosis, for the taking of a core-cut for the purposes of the 146 

trial. Investigators were encouraged to take a further core-cut biopsy at the time of surgery 147 

but could alternatively provide a representative paraffin-embedded block. Provision of tissue 148 

sections was also acceptable at both baseline and surgery. All samples were fixed in formalin 149 

prior to paraffin embedding. 150 

 151 

Ki67 methodology 152 
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Ki67 was assessed largely according to the method described in Zabaglo et al(15) that formed 153 

the basis for that method validated by the International Ki67 in Breast Cancer Working 154 

Group(13). Ki67 was visualized immunohistochemically using the MIB-1 monoclonal antibody 155 

(Dako UK Ltd) at a dilution of 1:50, staining was performed on an automated staining platform 156 

(Dako Autostainer, Dako UK Ltd). For scoring, all stained and unstained invasive tumour nuclei 157 

were counted in at least 5 high-power fields; the Ki67 staining index was calculated as the 158 

total number of stained nuclei counted/total number of all invasive nuclei counted. Only 159 

scores from samples in which there were at least 200 invasive cells in total were accepted. 160 

QCs consisting of a TMA of at least six cores in duplicate were included in each batch and 161 

batches were only accepted if the scores met specified criteria of acceptance. Paired baseline 162 

and surgical samples were stained in the same batch in almost all cases. Scoring was carried 163 

out centrally by a team of nine competency-approved technical staff who sought 164 

histopathologic advice as necessary and practised comparative quality assurance tests 165 

throughout the study; 86% of the scoring was conducted by 4 of the staff. Technicians scoring 166 

Ki67 were blinded to the treatment allocation. Fewer surgical samples from control patients 167 

were analysed because little extra value was expected from multiple samples in the absence 168 

of treatment. Initially all surgical samples were analysed but from early 2013 a subset of one 169 

third of remaining control patients were selected at random for analysis while all patients in 170 

the treatment group were analysed, this led to approximately 7/9 surgical samples from the 171 

whole trial being analysed.  172 

 173 

Statistical analyses 174 

Medians and interquartile ranges were used to summarise Ki67baseline, Ki672week and 175 

∆Ki672week. ∆Ki672week was calculated as 100*((Ki672week+0.1) - 176 
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(Ki67baseline+0.1))/(Ki67baseline+0.1). The non-parametric sign-test was used to test whether 177 

∆Ki672week was different from zero in control group patients.  178 

 179 

The relationship between each of Ki67baseline, Ki672week and ∆Ki672week and key prognostic and 180 

biologic factors was assessed using linear regression. For Ki67baseline and Ki672week an outcome 181 

of ln(Ki67 + 0.1) was used. For categorical variables, the model coefficient β indicates the 182 

mean difference in ln(Ki67 + 0.1) between a designated group and the reference group 183 

(indicated by β=0). For continuous variables β indicates the mean difference in ln(Ki67 + 0.1) 184 

per unit increase. For models of ∆Ki672week an outcome of log-fold change in Ki67 was used, 185 

defined as ln((Ki672week+0.1)/(ln(Ki67baseline+0.1)). A positive value of β indicates a smaller drop 186 

in Ki67 from baseline to 2 weeks for the designated group compared to the reference group. 187 

 188 

Univariable models were fitted containing only the variable of interest. P-values given are for 189 

a likelihood ratio test comparing this model with a null model containing no variables. 190 

Multivariable models were fitted containing all known prognostic variables listed in the same 191 

model. P-values given are from a likelihood ratio test comparing this model with a model 192 

containing all variables except the one of interest. The multivariable models for Ki67baseline and 193 

Ki672week includes all factors listed. Multivariable models for ∆Ki672week additionally include 194 

Ki67baseline, and were subsequently adjusted for type of AI (letrozole vs anastrozole) and 195 

surgical sample type (excision vs core-cut). Models were also repeated only including 196 

variables identified as significant in univariable analyses but parameter estimates were not 197 

significantly affected so full models are presented for completeness. No adjustment was 198 

made to p values for multiplicity but for each multivariable model the adjusted critical value 199 

for each term using a Benjamini-Hochberg correction is presented to assist interpretation. 200 



 11 

Using this procedure, p-values are ranked and adjusted critical values are calculated based on 201 

the rank. P-values are compared to the adjusted critical values, the largest p-value which is 202 

smaller than its associated critical value and any p-values smaller than this are considered 203 

significant.   204 

 205 

Analyses were based on the snapshot of the clinical data taken on 06/02/2018, consistent 206 

with the main clinical results paper. All analyses were performed using STATA 15. 207 

 208 

  209 
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Results 210 

Of the 4480 women (POAI (n=2976); control (n=1504)) who entered POETIC, Ki67baseline data 211 

was available for 2610 (87.7%) and 1303 (86.6%) respectively; Ki672week from 2551 (85.7%) 212 

and 692 (46.0%); and paired samples to allow calculation of ∆Ki672week from 2528 (84.9%) and 213 

678 (45.1%), respectively. Figure 1 shows a consort diagram showing reasons for non-214 

availability of data.  215 

 216 

Ki67 assessed at diagnosis (Ki67baseline) 217 

In this population of 3913 women a highly skewed distribution of Ki67baseline was observed 218 

which could be normalised via a logarithmic transformation (Supplementary Figure S1(a) & 219 

S1(b)). The median Ki67baseline value was 15.2%; with an IQR of 8.6% to 26.0%;  69.2% of values 220 

were above the commonly used threshold of 10%. When considering relationships with 221 

common clinic-pathological factors clear evidence was observed of an association with HER2 222 

status (median (IQR) HER2-ve 14.3 (8.2 - 24.6); HER2+ve 26.6 (17.0 - 37.4); Supplementary 223 

Figure S1(c)). Given this finding and the different treatment pathways followed by HER2-ve 224 

and HER2+ve patients all subsequent results are shown for the sub-populations split 225 

according to HER2 status, as shown for clinic-pathological factors (Figures 2(a), 3(a) and 226 

Supplementary Figure S2(a)).  227 

 228 

Within the HER2-ve sub-population (n=3445) and in univariate analyses a relationship was 229 

seen between Ki67baseline and each of the clinic-pathological factors aside from age (Figure 3(a) 230 

& Table 1). In multivariable analyses a statistically significant association remained for all of 231 
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these factors (Table 1). This held regardless of whether tumour size was treated as continuous 232 

or categorical (additional data not shown). 233 

 234 

(Insert table 1 here) 235 

 236 

Within the smaller HER2+ve sub-population (n=413) in univariate analyses a relationship was 237 

observed between Ki67baseline and grade which remained significant in multivariable analysis. 238 

There was also a significant association between Ki67baseline and tumour size treated as ordinal 239 

or continuous but this did not remain significant in the multivariable analysis (Figure 3(a) & 240 

Table 1). 241 

  242 

Ki672week Control group  243 

As expected the logarithmic distribution shown for Ki67baseline was maintained at 2 weeks for 244 

patients who were allocated not to receive perioperative AI therapy in both the HER2-ve and 245 

HER2+ve subgroups (Figure 2(b) & Supplementary Figure S2(b)). The median Ki672week was 246 

13.1% and 23.6% for HER2-ve and HER2+ve patients respectively. 247 

 248 

∆Ki672week Control group 249 

In the control group for patients with HER2-ve tumours, there was a median fall of 14.6% 250 

(IQR: -40.8 – 18.3) in Ki67 (∆Ki672week) (Figure 2(C) & Supplementary Figure S2(C)); 100 251 

patients (16.8%) had Ki67baseline≥10% which dropped to <10% at 2 weeks. In multivariable 252 

analyses ∆Ki672week was associated with Ki67baseline and tumour grade (Supplementary Table 253 

S1). It was also associated with continuous tumour size but this was not significant in 254 
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multivariable analyses using the Benjamini Hochberg adjusted critical values and was not 255 

significant when categorised.  256 

 257 

In HER2+ve patients, there was a median fall of 12.4% (IQR: -31.7 -7.1 ) in Ki67; 5 patients 258 

(7.1%) had Ki67baseline≥10% which dropped to <10% at 2 weeks. In univariable analyses, 259 

∆Ki672week was associated with Ki67baseline but this was not significant in multivariable 260 

analyses after Benjamini Hochberg adjustment to critical values. ∆Ki672week was not 261 

associated with any other clinic-pathological factors in this population (Supplementary Table 262 

S1).  263 

 264 

In order to understand this apparent, potentially artefactual change, analyses of change in 265 

Ki67 were explored according to type of sample from which Ki672week had been calculated.  As 266 

previously alluded to in the main trial results paper(12) analysis of 679 control group patients 267 

with paired samples available (ie Ki67baseline and Ki672week) analyses indicated that where 268 

Ki672week was taken from a core-cut sample the median proportional reduction was −4·1% 269 

(IQR −27·8 to 34·8), compared to −17·7% (IQR −44·2 to 12·7) when a surgical resection sample 270 

was used.   This significant association between sample type and ∆Ki672week was observed in 271 

the sub-population of patients with HER2-ve tumours (Supplementary Figure S3(a)). 272 

However, adjusting for sample type in the multivariable model did not materially impact the 273 

effect of the clinic-pathological features on ∆Ki672week (Supplementary Table S2). No 274 

significant association was observed between sample type and ∆Ki672week in patients with 275 

HER2+ve tumours. 276 

 277 

Ki672week POAI group  278 
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Following this short exposure to AI treatment the distribution of Ki672week looked very 279 

different to that observed at baseline (Figure 2(d) & Supplementary Figure S2(d)) and the level 280 

of Ki67 expression was significantly different. The median was 2.5% (IQR: 1.1 – 6.5) and 10.3% 281 

(IQR: 4.1 – 21.2) in HER2-ve and HER2+ve patients respectively with 17.5% of HER2-ve 282 

patients and 51.8% of HER2+ve patients now having Ki672week above 10%. 283 

 284 

In the HER2-ve cohort, the significant univariate relationships seen between grade, tumour 285 

size, histologic type (lobular vs ductal), nodal involvement, vascular invasion and Ki67baseline 286 

were all observed with Ki672week (all p<0.001). Effect sizes were similar to those observed with 287 

Ki67baseline(Figure 3(b) and Table 2). PgR negativity was also related to higher Ki672week and this 288 

relationship was stronger than for Ki67baseline. Similarly, the contribution of PgR status to the 289 

multivariable model was stronger with Ki672week than with Ki67baseline (Table 2). Tumour size 290 

did not remain significant in the multivariable model while all other relationships were similar 291 

for Ki67 assessed at either time-point. This held regardless of whether baseline or surgical 292 

grade was used and whether tumour size was considered as categorical or continuous 293 

(additional data not shown).  294 

 295 

(Insert table 2 here) 296 

 297 

In the HER2+ve cohort significant univariate associations were observed between Ki672week 298 

and PgR status and grade, both of which remain significant in multivariable analysis (Figure 299 

3(b) & Table 2). There was also a significant association between Ki672week and tumour size 300 

but this only remained significant in multivariable analysis when size was treated as 301 

categorical. 302 
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 303 

∆Ki672week POAI group 304 

The median suppression of Ki67 in relation to baseline was 79.3% (IQR: -89.9 - -54.6) and 305 

53.7% (IQR: -78.9 - -21.1) for HER2-ve and HER2+ve cases respectively. The distribution of 306 

Ki67 change was logarithmic as shown in Figure 2(e). Only 11.0% of patients did not show a 307 

reduction of at least 10% (allowing for variability) after 2 weeks POAI treatment compared to 308 

at baseline (10.0% & 18.8% for HER2-ve and HER2+ve respectively).  309 

 310 

For both the HER2-ve and HER2+ve cohorts no significant univariable or multivariable 311 

relationship with ∆Ki672week was observed for tumour size, nodal involvement, histologic 312 

subtype or vascular invasion (Figure 3(c) & Table 3). However, PgR status and tumour grade 313 

were significantly associated with ∆Ki672week and remained significant in multivariable 314 

analysis. Higher Ki67baseline was also significantly associated with a higher proportional change 315 

in Ki67 in both cohorts (Table 3). This did not alter following adjustment for sample type in 316 

the HER2-ve cohort (Supplementary Table S3). 317 

 318 

(Insert table 3 here) 319 

 320 

We also explored in what is a non-randomised comparison whether each of the AIs received 321 

was differentially associated with ∆Ki672week. Of patients with paired Ki67baseline and Ki672week;  322 

839 (33%) patients were known to have received anastrozole and 1689 (67%) letrozole. 323 

Although considerable change in Ki67 was seen for each AI the median suppression was 324 

observed to be slightly less with anastrozole than letrozole (75.6% vs 80.6%, p<0.001, 325 

respectively Supplementary Figure S3(b)) in HER2-ve patients but not in HER2+ve patients 326 
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where median suppression did not differ by  type  of AI (56.6 vs. 50.6 respectively, p=0.791). 327 

Upon further exploration, the association remained after adjustment for sample type but the 328 

difference appeared to be evident only within excision samples but not core-cuts 329 

(Supplemenrary Figure 3(b)). Inclusion of AI and sample type in multivariable models did not 330 

impact the association with other baseline characteristics (Supplementary Table S3).  331 

 332 

Complete Cell Cycle Arrest (CCCA), AI group 333 

Suppression of Ki67 to ≤2.7% has been used to define CCCA. Supplementary Table S4 shows 334 

the frequency of CCCA according to the choice of AI and surgical sample type by HER2 status. 335 

Similar to analyses of ∆Ki672week, in HER2-ve patients there was a greater likelihood of 336 

recording CCCA if the surgical sample was an excision rather than a core-cut (55.4% vs 44.2%, 337 

respectively; p<0.001). There was no difference in the frequency of CCCA according to AI used 338 

for core-cuts at 2 weeks (anastrozole 44.8%, letrozole 44.1%). In patients with an excision at 339 

2 weeks, CCCA was significantly less frequent with anastrozole than with letrozole (49.7% vs 340 

59.1%, respectively; p<0.001). No differences were observed by AI or sample type in the 341 

HER2+ve population but sample size in this sub-cohort is restrictive. 342 

 343 

 344 

Discussion 345 

Ki67 is the most widely measured marker of proliferation in primary breast cancer. While 346 

there have been many reports of the association of Ki67 with clinico-pathologic parameters 347 

in breast cancer there have been very few large studies that focussed entirely on ER+ 348 

disease where its measurement has greatest impact. The magnitude of our study enabled us 349 

not only to confirm previously hypothesised relationships but also to quantify the degree of 350 
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independence of each relationship within a multivariable context. It also allowed us to 351 

discover with high levels of confidence other relationships that have remained either 352 

unknown or less clear in earlier studies. We were able to do so for 3 measurements with 353 

distinct clinical relationships with clinical outcome: (i) Ki67baseline which is related to 354 

prognosis in the absence of treatment(1); (ii) Ki672week which relates to the prognosis of 355 

patients on adjuvant endocrine therapy otherwise known as residual risk(10, 12); (iii) 356 

∆Ki672week which reflects the antiproliferative impact of estrogen deprivation with an AI and 357 

has been shown to predict the relative benefit of endocrine therapies given as adjuvant 358 

treatment(3, 7). While Ki67baseline is often measured in clinical practise for its prognostic 359 

information it is not currently considered to have sufficient clinical utility for that purpose to 360 

be mandated by authoritative guidelines. However, FDA has recently approved the use of 361 

the CDK4/6 inhibitor abemaciclib for use in early breast cancer patients with one of the 362 

conditions being that Ki67baseline is >20%. This enhances the relevance of the data we 363 

present here from our large cohort of baseline samples. 364 

 365 

Other strengths of the study include the central analysis of Ki67 using a scoring method that 366 

was marginally modified prior to its analytical validation by the International Ki67 in Breast 367 

Cancer Working Group(13). Several scorers were involved with a rigorous internal QC 368 

program. The involvement of a large number of hospital sites with variability in collection and 369 

fixation procedures might be considered a weakness. On the other hand the authors view the 370 

large number of sites as a strength in that it enables interpretation within the context of 371 

routine conduct of Ki67 measurements and allowed the characterisation of an important 372 

difference in scores between biopsy types. The study involved only postmenopausal patients 373 

and may not be representative of premenopausal cases. 374 
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 375 

Relationships of Ki67baseline in an ER+ population with PgR and HER2 status are well known. We 376 

were also able to confirm results from our earlier much smaller patient series(16) that HER2 377 

impedes the antiproliferative response (from approximately 80% to 50%) to AI but does not 378 

preclude it. Ellis et al similarly reported that Ki67 suppression by AIs was less in HER2+ 379 

cases(17). The size of the POETIC trial allows analyses to identify the molecular features that 380 

are associated with antiproliferative response or not within the HER2+ population that makes 381 

up only about 10% of ER+ breast cancer(18).  382 

 383 

There was less proportional suppression of Ki67 in PgR- than PgR+ cases leading to the relative 384 

difference in Ki67baseline between these subsets also being seen at 2 weeks. This is consistent 385 

with our earlier report(14) and that of others and suggests that AIs may have greater relative 386 

benefit in PgR+ than PgR- patients. This has not been detected directly in adjuvant trials but 387 

the data from those trials relates to the comparative benefit from AIs versus tamoxifen(19). 388 

The lower value of Ki672week in the  PgR+ group is consistent with the substantially better 389 

prognosis of such patients on endocrine therapy(20, 21, 22). In contrast, lobular cancers 390 

showed a similar suppression of Ki67 compared to ductal cancers suggesting a similar 391 

biological response to AIs but better prognosis because of their lower Ki67baseline and Ki672week. 392 

 393 

The poorer ∆Ki672week in higher grade tumours or those with high Ki67, similarly to that in PgR- 394 

and HER2+ tumours indicates that those with biologically more aggressive disease but not 395 

higher stage disease (cf the data on tumour size and nodal status) have a poorer biologic 396 

response to estrogen deprivation. In our report(23) of whole exome sequencing in samples 397 
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from POETIC those cases with high mutational load and/or TP53 mutation also had lower 398 

∆Ki672week and similarly would be enriched for cases with more aggressive disease. 399 

 400 

While others have reported lower Ki67 values in excisions versus core-cuts of breast 401 

cancers(24, 25) this has not been universally reported(26). The lack of difference between 402 

Ki67 measured at baseline and 2-week in controls where core-cut biopsies were available 403 

supports there being little overall impact of the procedures in the trial up to the point of 404 

taking the 2-week sample. There may be a number of explanations for the finding that there 405 

was a significant difference between Ki67 measured at baseline and then at 2 weeks in 406 

controls where the 2-week sample was taken from the surgical resection specimen. Nuclear 407 

integrity may be poorly preserved in routinely fixed excision specimens due to a delay in 408 

formalin reaching the centre of the excision specimens where the tumour is situated, usually 409 

surrounded by a margin of normal tissue which is variable from specimen to specimen. This 410 

problem does not occur in core-cuts because of their smaller size. Also, under ultrasound 411 

biopsy the needle is placed right at the edge of the tumour or even in it  and therefore there 412 

is much more rapid fixation of the tumour. Further explanation may be that core biopsies are 413 

placed in fixative much more swiftly, indeed almost immediately and the tissue is therefore 414 

not exposed to any ischaemic warm time. In contrast wide local excision specimens, 415 

mastectomy and mastectomy and en-bloc axillary clearances have on average a greater warm 416 

ischaemic time due to the increasing duration of surgical time and ischaemia of the tissues 417 

resected. It is also possible that core-cuts may tend to sample more proliferative areas of the 418 

tumour although that seems unlikely given that higher staining areas of Ki67 are more 419 

commonly found at the tumour edge. Our scoring method involved selection of areas for 420 
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scoring to represent any heterogeneity in staining but it cannot be completely ruled out that 421 

this may also have contributed to the lower values in excisions. Whatever the cause(s) the 422 

relative difference of approximately 20% is important to consider and is highly preferable to 423 

avoid in pre-surgical studies. In the absence of a control arm a pre-surgical study in which 424 

excision specimens are used as the on-treatment sample may artifactually enhance the 425 

apparent antiproliferative impact of a treatment. For example, in our study, in the POAI group 426 

the median percentage change of Ki67 was -72.6% when the surgical sample was a core-cut 427 

compared to -79.3% in excisions. However, as a difference had been observed in the control 428 

arm, Ki672week scores were adjusted for sample type prior to primary analysis by increasing 429 

Ki672week scores derived from a resection sample by 15%. In addition such differences will be 430 

essential to consider in the application of cut-offs for Ki67. It is possible that some staining 431 

procedures may be more sensitive to differences to variability in fixation; it may therefore be 432 

prudent for pathologists to assess the impact of fixation quality on Ki67 analysis within their 433 

own practise. We have previously reported the impact of short-term AI therapy on grade and 434 

this should not be ignored(12). Where an AI has been given in the presurgical or neo-adjuvant 435 

setting preference may well be given to assessment of grade from a core rather than excision 436 

specimen to minimise this impact.     437 

 438 

The suppression of Ki67 by AIs was similar to that reported previously(3, 7) but the suggestion 439 

of an apparent statistically significant difference between letrozole and anastrozole in the 440 

degree of suppression has not been previously reported. Although type of AI remains 441 

significant when adjusting for other clinic-pathological factors, it is important to note that this 442 

is not a randomised comparison but  the choice of AI was  centre dependent influenced by 443 
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local clinical practice. Given the difference is only observed in excision samples and not core-444 

cuts and only in HER2-ve tumours, there is a high probability that this difference may be 445 

related to unmeasured or artefactual differences- eg in surgical procedures or processing of 446 

surgical specimens between centres. There was no difference in clinical outcomes between 447 

these two AIs in randomised clinical trials either in advanced breast cancer or in primary ER+ 448 

breast cancer(27, 28). There is therefore no evidence for a difference in clinical efficacy of 449 

these two agents in spite of a known small difference in estradiol suppression and the Ki67 450 

data reported in this manuscript.   451 

Conclusions 452 

In conclusion, the magnitude of this study allowed assessment of relationships between 453 

clinic-pathological factors and Ki67baseline, POAI induced and untreated ∆Ki672week and 454 

Ki672week with high degrees of confidence. In particular, illustrating that POAI induced 455 

∆Ki672week was independent of tumour size, nodal involvement, histology and vascular 456 

invasion but associated with both grade and PgR status. Lower values of Ki67 occur when 457 

measured on excision specimens rather than core-cut biopsies and both these factors should 458 

be considered when either ∆Ki672week or Ki672week are used in routine clinical practice to aid 459 

treatment decisions or in clinical trials to assess new drug therapies. Our recommendation 460 

would be to use core-core comparisons where possible with the second core being taken in 461 

situ as soon as the tumour is excised to avoid this artefact.  462 

 463 
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Figure legends 645 

Figure 1. Consort diagram of available samples 646 

Fewer surgical samples from control patients were analysed because little extra value was 647 

expected from multiple samples in the absence of treatment. A subset of one third of 648 

control patients were selected at random for analysis while all patients in the treatment 649 

group were analysed, this lead to 7/9 samples from the whole trial being analysed.  650 

 651 

Figure 2. Distribution of Ki67 652 

Distribution of A. Ki67Baseline for all patients, B. Ki672week in patients allocated control, C. 653 

percentage change Ki67 in patients allocated control, D. Ki672week in patients allocated AI 654 

and E. percentage change Ki67 in patients allocated AI. Presented separately for HER2- and 655 

HER2+ patients. 656 

 657 

Figure 3. Distribution of Ki67 by clinic-pathological factors 658 

Distribution of A. Ki67Baseline for all patients, B. Ki672weeks in patients allocated AI and C. log 659 

fold change Ki67 in patients allocated AI by clinic-pathological factors. Presented separately 660 

for HER2- and HER2+ patients. 661 
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Tables 

Table 1. Univariable and multivariable linear regression results for Ki67Baseline† by HER2 status 

 ER+ HER2-  ER+ HER2+  
 

Univariable Multivariable Univariable Multivariable 

β ci p-value β ci p-value Adjusted 

critical 

value 

β ci p-value β ci p-value Adjusted 

critical 

value 

PgR Status Positive 0 - <0.001 0 - 

0.038 0.043 

0 - 

0.980 

0 - 

0.366 0.029 Negative 0.21 0.12 - 0.31 0.11 0.02 - 0.20 0.20 0.02 - 0.38 0.11 -0.06 - 0.29 

Unknown 0.01 -0.05 - 0.07 0.00 -0.06 - 0.06 0.10 -0.08 - 0.28 0.09 -0.09 - 0.26 

Tumour grade 

(baseline) 

1 0 - <0.001 0 - 

<0.001 0.007 

0 - 

<0.001 

0 - 

<0.001 0.007 
2 0.43 0.36 - 0.51 0.40 0.33 - 0.48 0.56 0.20 - 0.92 0.60 0.23 - 0.97 

3 1.16 1.06 - 1.25 1.04 0.94 - 1.14 1.04 0.68 - 1.40 1.05 0.68 - 1.42 

Not known 0.40 0.29 - 0.51 0.35 0.24 - 0.46 0.69 0.27 - 1.11 0.74 0.30 - 1.18 

Tumour size 

(baseline) 

0-2cm 0 - <0.001 

(<0.001)* 

0 - 

<0.001 0.021 

0 - 
0.167 

(0.043)* 

0 - 

0.561 0.036 2-5cm 0.24 0.18 - 0.30 0.14 0.08 - 0.20 0.14 -0.01 - 0.29 0.07 -0.08 - 0.22 

>5cm 0.28 0.08 - 0.49 0.11 -0.08 - 0.31 0.23 -0.46 - 0.91 -0.13 -0.80 - 0.54 

Histological 

type (baseline) 

Ductal 0 - <0.001 0 - 

<0.001 0.014 

0 - 

0.286 

0 - 

0.798 0.043 Lobular -0.30 -0.38 - -0.22 -0.24 -0.31 - -0.16 -0.07 -0.40 - 0.25 0.07 -0.21 - 0.35 

Other -0.50 -0.65 - -0.35 -0.24 -0.39 - -0.10 -0.27 -1.03 - 0.49 -0.09 -0.54 - 0.36 

Nodal status N0 0 - <0.001 0 - 0.008 0.036 0 - 0.431 0 - 0.894 0.050 
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N1-3 0.10 0.03 - 0.16 (<0.001)* 0.00 -0.06 - 0.06 0.06 -0.11 - 0.24 (0.211)* 0.02 -0.15 - 0.19 

N4+ 0.32 0.23 - 0.42 0.14 0.05 - 0.24 0.13 -0.08 - 0.33 -0.03 -0.25 - 0.19 

Age group <60 0.02 -0.06 - 0.10 0.230 

(0.059) 

-0.03 -0.10 - 0.05 

0.167 0.050 

0.02 -0.18 - 0.22 

0.052 

(0.791)* 

0.07 -0.12 - 0.26 

0.183 0.021 
60-69 0 - 0 - 0 - 0 - 

70-79 0.04 -0.03 - 0.11 -0.01 -0.07 - 0.06 0.15 -0.03 - 0.34 0.12 -0.06 - 0.30 

80+ -0.07 -0.16 - 0.03 -0.10 -0.19 - -0.01 -0.25 -0.52 - 0.02 -0.17 -0.44 - 0.10 

Vascular 

invasion 

Yes 0 - <0.001 0 - 

<0.001 0.029 

0 - 

0.068 

0 - 

0.117 0.143 
No -0.34 -0.41 - -0.28 -0.15 -0.21 - -0.08 -0.17 -0.32 - -0.02 -0.16 -0.32 - 0.00 

Not 

reported 

-0.24 -0.38 - -0.10 -0.10 -0.23 - 0.03 
0.06 -0.39 - 0.51 0.04 -0.40 - 0.47 

*Test for trend 

† Analysed as ln(Ki67 + 0.1) 

Adjusted critical values calculated using Benjamini Hochberg method. Significant p-values following adjustment are highlighted in bold 

  



 32 

Table 2. Univariable and multivariable linear regression results for Ki672week† in patients allocated to AI by HER2 status 

 ER+ HER2- ER+ HER2+ 

 

Univariable Multivariable Univariable Multivariable 

β ci p-value β ci 
p-

value 

Adjusted 

critical 

value 

β ci p-value β ci p-value 

Adjusted 

critical 

value 

PgR Status Positive 0 - 

<0.001 

0 - 

<0.001 0.014 

0 - 

<0.001 

0 - 

0.004 0.014 Negative 0.70 0.53 - 0.88 0.49 0.33 - 0.65 0.75 0.40 - 1.09 0.50 0.19 - 0.81 

Unknown 0.18 0.06 - 0.30 0.11 0.01 - 0.22 0.27 -0.06 - 0.60 0.09 -0.20 - 0.39 

Tumour grade 

(baseline) 

1 0 - 

<0.001 

    0 - 

<0.001 

    

2 0.44 0.29 - 0.59     0.82 0.13 - 1.52     

3 1.51 1.32 - 1.70     1.66 0.95 - 2.36     

Not known 0.63 0.41 - 0.85     1.36 0.55 - 2.16     

Tumour grade 

(2week) 

1 0 - 
<0.001 

(0.001)* 

0 - 

<0.001 0.007 

0 - 
<0.001 

(<0.001)* 

0 - 

<0.001 0.007 2 0.50 0.37 - 0.63 0.52 0.38 - 0.66 0.70 0.03 - 1.37 0.41 -0.27 - 1.08 

3 1.96 1.79 - 2.14 1.85 1.67 - 2.03 1.88 1.20 - 2.55 1.44 0.75 - 2.14 

Tumour size 

(baseline) 

0-2cm 0 - 
<0.001 

(0.001)* 

    0 - 
0.036 

(0.066)* 

    

2-5cm 0.33 0.22 - 0.44     0.36 0.07 - 0.65     

>5cm 0.21 -0.19 - 0.60     -0.43 -1.81 - 0.96     

Tumour size 

(2week) 

0-2cm 0 - 
<0.001 

(0.001)* 

0 - 

0.224 0.035 

0 - 
<0.001 

(0.002)* 

0 - 

0.042 0.021 2-5cm 0.23 0.12 - 0.34 0.02 -0.08 - 0.13 0.63 0.34 - 0.93 0.34 0.07 - 0.61 

>5cm 0.08 -0.19 - 0.35 -0.19 -0.44 - 0.06 0.49 -0.19 - 1.18 0.28 -0.35 - 0.91 
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Histological 

type (baseline) 

Ductal 0 - 

<0.001 

    0 - 

0.393 

    

Lobular -0.34 -0.50 - -0.19     -0.41 -1.02 - 0.19     

Other -0.35 -0.65 - -0.06     -0.06 -0.98 - 0.86     

Histological 

type (2week) 

Ductal 0 - 

<0.001 

0 - 

<0.001 0.021 

0 - 

0.198 

0 - 

0.572 0.043 Lobular -0.40 -0.54 - -0.25 -0.30 -0.44 - -0.16 -0.40 -1.03 - 0.23 -0.18 -0.72 - 0.37 

Other -0.33 -0.59 - -0.07 -0.04 -0.28 - 0.21 -0.80 -2.00 - 0.39 -0.43 -1.45 - 0.60 

Nodal status N0 0 - 
0.005 

(0.002) 

0 - 

0.782 0.050 

0 - 
0.058 

(0.191)* 

0 - 

0.420 0.036 N1-3 0.12 -0.01 - 0.24 0.00 -0.11 - 0.12 -0.11 -0.45 - 0.22 -0.07 -0.37 - 0.24 

N4+ 0.28 0.10 - 0.47 0.06 -0.12 - 0.24 0.40 0.01 - 0.79 0.19 -0.19 - 0.57 

Age group <60 0.15 0.00 - 0.30 

0.265 

(0.775)* 

0.10 -0.04 - 0.23 

0.526 0.043 

0.38 -0.00 - 0.77 

0.100 

(0.985)* 

0.38 0.05 - 0.71 

0.129 0.029 
60-69 0 - 0 - 0 - 0 - 

70-79 0.05 -0.09 - 0.18 0.01 -0.11 - 0.13 0.37 0.02 - 0.71 0.15 -0.15 - 0.45 

80+ 0.05 -0.13 - 0.23 0.05 -0.12 - 0.21 0.10 -0.46 - 0.66 0.19 -0.29 - 0.68 

Vascular 

invasion 

Yes 0 - 

<0.001 

0 - 

0.014 0.029 

0 - 

0.101 

0 - 

0.670 0.050 
No -0.40 -0.52 - -0.28 -0.13 -0.25 - -0.00 -0.30 

-0.60 - -

0.01 
0.02 -0.27 - 0.30 

Not 

reported 
-0.09 -0.36 - 0.17 0.16 -0.08 - 0.41 0.12 -0.80 - 1.05 0.35 -0.45 - 1.15 

*Test for trend 

† Analysed as ln(Ki67 + 0.1) 

Adjusted critical values calculated using Benjamini Hochberg method. Significant p-values following adjustment are highlighted in bold 
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Table 3. Univariable and multivariable linear regression results for change in Ki67 (†∆Ki672week) in patients allocated to AI by HER2 status 

 ER+ HER2-  ER+ HER2+ 
 

Univariable Multivariable  Univariable Multivariable  

β ci p-value β ci p-value 

Adjusted 

critical 

value 

β ci p-value β ci p-value 

Adjusted 

critical 

value 

Baseline Ki67 

(log) 

 
-0.23 -0.28 - -0.17 <0.001 -0.41 -0.47 - -0.35 <0.001 0.006 -0.35 -0.50 - -0.20 <0.001 -0.61 -0.77 - -0.46 <0.001 0.006 

PgR Status Positive 0 - 

<0.001 

0 - 

<0.001 0.019 

0 - 0.023 0 - 

0.008 0.019 Negative 0.49 0.34 - 0.65 0.45 0.30 - 0.60 0.46 0.13 - 0.78  0.45 0.15 - 0.75 

Unknown 0.13 0.02 - 0.23 0.11 0.01 - 0.22 0.15 -0.17 - 0.46  0.07 -0.22 - 0.36 

Tumour grade 

(baseline) 

1 0 - 

<0.001 

    0 - 

0.378 

    

2 -0.01 -0.15 - 0.12     0.23 -0.46 - 0.93     

3 0.30 0.13 - 0.48     0.45 -0.26 - 1.15     

Not known 0.19 -0.01 - 0.39     0.38 -0.43 - 1.19     

Tumour grade 

(2week) 

1 0 - 
<0.001 

(<0.001)* 

0 - 

<0.001 0.013 

0 - 
<0.001 

(<0.001)* 

0 - 

<0.001 0.013 2 0.01 -0.12 - 0.13 0.23 0.10 - 0.37 0.31 -0.39 - 1.01 0.32 -0.34 - 0.97 

3 0.68 0.51 - 0.85 1.16 0.97 - 1.34 0.84 0.13 - 1.54 1.14 0.45 - 1.82 

Tumour size 

(baseline) 

0-2cm 0 - 
0.221 

(0.015)* 

    0 - 
0.094 

(0.337)* 

    

2-5cm 0.09 -0.01 - 0.19     0.20 -0.07 - 0.47     

>5cm 0.05 -0.30 - 0.40     -0.95 -2.24 - 0.34     

0-2cm 0 - 0.952 0 - 0.525 0.044 0 - 0.215 0 - 0.201 0.031 
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Tumour size 

(2week) 

2-5cm 0.00 -0.10 - 0.10 (0.601)* -0.03 -0.13 - 0.07 0.25 -0.03 - 0.53 (0.249)* 0.23 -0.03 - 0.50 

>5cm -0.04 -0.27 - 0.20 -0.13 -0.36 - 0.10 0.19 -0.46 - 0.84 0.19 -0.42 - 0.80 

Histological 

type (baseline) 

Ductal 0 - 

0.452 

    0 - 

0.639 

    

Lobular -0.02 -0.16 - 0.11     -0.22 -0.78 - 0.34     

Other 0.16 -0.10 - 0.42     0.22 -0.64 - 1.07     

Histological 

type (2week) 

Ductal 0 - 

0.252 

0 - 

0.091 0.031 

0 - 

0.499 

0 - 

0.624 0.044 Lobular -0.10 -0.23 - 0.03 -0.14 -0.27 - -0.01 -0.21 -0.80 - 0.38 -0.16 -0.69 - 0.37 

Other 0.08 -0.16 - 0.31 0.06 -0.17 - 0.29 -0.54 -1.66 - 0.57 -0.37 -1.36 - 0.62 

Nodal status N0 0 - 
0.692 

(0.773)* 

0 - 

0.880 0.050 

0 - 
0.111 

(0.400)* 

0 - 

0.252 0.038 N1-3 0.03 -0.08 - 0.14 0.01 -0.10 - 0.12 -0.16 -0.47 - 0.16 -0.09 -0.38 - 0.21 

N4+ -0.05 -0.21 - 0.11 -0.03 -0.20 - 0.13 0.28 -0.09 - 0.64 0.23 -0.14 - 0.59 

Age group <60 0.12 -0.01 - 0.25 

0.166 

(0.992)* 

0.10 -0.02 - 0.23 

0.292 0.038 

0.24 -0.13 - 0.60 

0.285 

(0.929)* 

0.34 0.02 - 0.66 

0.130 0.025 
60-69 0 - 0 - 0 - 0 - 

70-79 0.00 -0.12 - 0.12 0.00 -0.11 - 0.12 0.14 -0.18 - 0.46 0.08 -0.21 - 0.38 

80+ 0.12 -0.05 - 0.28 0.09 -0.07 - 0.24 0.45 -0.08 - 0.97 0.32 -0.15 - 0.79 

Vascular 

invasion 

Yes 0 - 

0.1 

0 - 

0.033 0.025 

0 - 

0.734 

0 - 

0.809 0.050 
No -0.05 -0.16 - 0.06 -0.06 -0.17 - 0.06 -0.11 -0.39 - 0.17 0.04 -0.24 - 0.32 

Not 

reported 
0.18 -0.06 - 0.42 0.22 -0.00 - 0.45 -0.08 -0.94 - 0.79 0.24 -0.53 - 1.01 

*Test for trend 

†∆Ki672week = ln((Ki672week+0.1)/(ln(Ki67baseline+0.1)) 
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Adjusted critical values calculated using Benjamini Hochberg method. Significant p-values following adjustment are highlighted in bold 
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