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Purpose

Alteration of biomarker status after primary systemic therapy (PST) is occasionally found in
breast cancer. This study was conducted to clarify the clinical implications of change of bio-
marker status in breast cancer patients treated with PST.

Materials and Methods

The pre-chemotherapeutic biopsy and post-chemotherapeutic resection specimens of 442
breast cancer patients who had residual disease after PST were included in this study. The
association between changes of biomarker status after PST and clinicopathologic features
of tumors, and survival of the patients, were analyzed.

Results

Estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor
receptor 2 (HER2) status changed after PST in 18 (4.1%), 80 (18.1%), and 15 (3.4%)
patients, respectively. ER and PR mainly underwent positive to negative conversion, whereas
HER2 status underwent negative to positive conversion. Negative conversion of ER and PR
status after PST was associated with reduced disease-free survival. Moreover, a decline in
the Allred score for PR in post-PST specimens was significantly associated with poor clinical
outcome of the patients. HER2 change did not have prognostic significance. In multivariate
analyses, negative PR status after PST was found to be an independent adverse prognostic
factor in the whole patient group, in the adjuvant endocrine therapy-treated subgroup, and
also in pre-PST PR positive subgroup.

Conclusion

ER and HER2 status changed little after PST, whereas PR status changed significantly. In
particular, negative conversion of PR status was revealed as a poor prognostic indicator,
suggesting that re-evaluation of basic biomarkers is mandatory in breast cancer after PST
for proper management and prognostication of patients.
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Introduction

cer, and biomarker (estrogen receptor [ER], progesterone
receptor [PR], human epidermal growth factor receptor 2
[HER?2], and Ki-67) status is evaluated on biopsy specimens

Primary systemic therapy (PST), also referred to as neoad-
juvant chemotherapy, is currently considered the standard
treatment for locally advanced breast cancer. It is increas-
ingly being used to downgrade tumors and facilitate conser-
vative surgery for operable breast cancers [1]. A core needle
biopsy is performed to establish the diagnosis of breast can-
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prior to PST. Currently, there are no established guidelines
regarding re-evaluation of biomarkers on post-chemothera-
peutic specimens [2,3]. However, biomarker status is occa-
sionally altered after PST, and therefore re-analysis of bio-
marker expression in post-chemotherapeutic surgical speci-
mens is recommended.
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The frequency of biomarker alterations after PST varied
from 5% [4] to 46% [5] between studies, and hormone recep-
tor (ER and PR) status changed more often than HER? status
[6-8]. Also positive to negative conversion was more com-
mon than negative to positive conversion in the case of hor-
mone receptors [9-11]. Although biomarker alteration after
PST has received much attention and was reported in several
series, its variable frequency is confusing. In addition, there
is a lack of information on the clinicopathologic factors asso-
ciated with biomarker alteration in breast cancer [6,12].

Alteration of biomarker status may have a clinical impact
on the treatment of patients following PST. For example,
identification of a switch of a hormone receptor status may
influence the planning of adjuvant endocrine therapy.
Regarding its impact on clinical outcome, some studies have
reported that alteration of hormone receptor status after PST
is an unfavourable prognostic factor [6,9,10,13,14], but its
prognostic significance remains unclear. In this study, we
evaluated pre-PST and post-PST biomarker status using a
relatively large series of 442 breast cancer patients and
analysed the association between biomarker alteration after
PST and clinicopathologic features. We also evaluated the
prognostic significance of biomarker alteration in breast can-
cer.

Materials and Methods

1. Patients and samples

We collected data on 571 patients with primary breast can-
cer who underwent breast-conserving surgery or mastec-
tomy after PST in Seoul National University Bundang Hos-
pital from October 2004 to December 2015. Breast cancer
patients with metastases at presentation were excluded. A
pathologic complete response (pCR) was defined as the com-
plete disappearance of all invasive tumor cells from breast
tissue regardless of the presence of residual ductal carcinoma
in situ in the breast. Of the 571 patients, 129 (22.6%) achieved
PCR. Finally, the 442 patients with residual tumors after PST
were included in this study.

Of the 442 patients, 126 (28.5%) were treated with the dox-
orubicin plus cyclophosphamide (AC) regimen consisting of
60 mg/m? doxorubicin intravenously on day 1 and 600
mg/m? cyclophophamide intravenously once every 3 weeks
for four cycles. A further 205 (46.4%) received sequential AC
followed by docetaxel (AC-T) comprising four cycles of AC
followed by four cycles of 75 mg/m? docetaxel, and 32 (7.2%)
received sequential AC followed by docetaxel and trastu-
zumab (AC-TH) comprising four cycles of AC followed by

four cycles of 75 mg/m? docetaxel and trastuzumab. Sixty
patients (13.6%) received the doxorubicin plus docetaxel
(AD) regimen consisting of 50 mg/m? doxorubicin intra-
venously on day 1 and 75 mg/m? docetaxel intravenously
once every 3 weeks for three to six cycles, and the remaining
19 patients (4.3%) were treated by a variety of other regi-
mens. The patients underwent breast surgery about 3-4
weeks after the last chemotherapy cycle. The other clinico-
pathologic variables are summarized in Table 1.

Pre-chemotherapeutic biopsy samples were obtained
before PST by core needle biopsy, and led to a diagnosis of
invasive carcinoma of the breast. A pair of formalin-fixed
and paraffin-embedded tumor samples consisting of a pre-
chemotherapy biopsy and post-chemotherapy resection
specimen, were collected for each patient. Medical records
and hematoxylin and eosin-stained sections were reviewed
to acquire clinicopathologic information, including age, sex,
initial clinical T and N category, chemotherapeutic regimen,
cycle of PST, pathologic T and N category after PST, histo-
logic subtype, histologic grade, and lymphovascular inva-
sion. The pathologic response to PST was evaluated with the
Miller-Payne regression grading [15] and residual cancer
burden (RCB) systems [16].

2. Immunohistochemical analyses and scoring

Immunohistochemical staining results for standard bio-
markers including ER, PR, HER2, p53, and Ki-67 were
searched during the study to identify any data missing from
the pre-chemotherapeutic biopsy and post-chemotherapeutic
resection specimens. In cases with missing data, immunohis-
tochemical staining on representative tissue sections was car-
ried out in a BenchMark XT autostainer (Ventana Medical
Systems, Tucson, AZ) using an UltraView detection kit (Ven-
tana Medical Systems). The following antibodies were used:
ER (1:100, clone SP1, Labvision, Fremont, CA), PR (1:70, PgR
636, Dako, Carpinteria, CA), HER2 (ready to use, clone 4B5,
Ventana Medical Systems), p53 (1:600, D07, Dako), and
Ki-67 (1:250, MIB-1, Dako).

For each case, immunohistochemical slides for basic bio-
markers were reviewed to acquire information about bio-
marker expression. ER and PR were regarded as positive if
there were at least 1% positive tumor nuclei. ER and PR were
also scored using the Allred scoring system [17]. HER2
expression was scored according to 2013 American Society
of Clinical Oncology/College of American Pathologists
(ASCO/CAP) guidelines [18]. For p53, cases with 10% or
more positive staining were grouped as positive. For the
Ki-67 proliferation index, cases with 20% or more positive
tumor cells were regarded as having high indices.
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Table 1. Clinicopathologic characteristics of the patients before primary systemic therapy

Characteristic Non-pCR group (n=442) PCR group (n=129) p-value
Clinical stage
II 232 (52.5) 61 (47.3) 0.298
I 210 (47.5) 68 (52.7)
Clinical T category
T1-T2 263 (59.5) 89 (69.0) 0.051
T3-T4 179 (40.5) 40 (31.0)
Clinical N category
NO 80 (18.1) 20 (15.5) 0.495
N1-N3 362 (81.9) 109 (84.5)
Histologic subtype
IDC 404 (91.4) 128 (99.2) 0.044
ILC 17 (3.8) 1(0.8)
Metaplastic carcinoma 7 (1.6) 0
Mucinous carcinoma 6(1.4) 0
Others 8(1.8) 0
Histologic grade
Low (I and II) 287 (64.9) 46 (35.7) <0.001
High (IIT) 155 (35.1) 83 (64.3)
Estrogen receptor
Negative 127 (28.7) 88 (68.2) <0.001
Positive 315 (71.3) 41 (31.8)
Progesterone receptor
Negative 176 (39.8) 99 (76.7) <0.001
Positive 266 (60.2) 30(23.3)
HER?2 status
Negative 329 (74.4) 75 (58.1) <0.001
Positive 113 (25.6) 54 (41.9)
Molecular subtype
Luminal A 118 (26.7) 4(3.1) <0.001
Luminal B 202 (45.7) 37(28.7)
HER2+ 48 (10.9) 31(24.0)
Triple-negative 74 (16.7) 57 (44.2)
Ki-67 proliferation index (%)
<20 178 (40.3) 14 (10.9) <0.001
>20 264 (59.7) 115 (89.1)
Chemotherapy regimen
AC 126 (28.5) 21(16.3) 0.001
AD 60 (13.6) 11 (8.5)
AC-T 205 (46.4) 67 (51.9)
AC-TH 32(7.2) 22 (17.1)
Others 19 (4.3) 8(6.2)

Values are presented as number (%). p-values were calculated by the chi-square test or Fisher's exact test. pCR, pathologic
complete response; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; HER2, human epidermal growth factor
receptor 2; AC, doxorubicin plus cyclophosphamide; AD, doxorubicin plus docetaxel; AC-T, AC followed by docetaxel;
AC-TH, AC followed by docetaxel and trastuzumab.
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3. Determination of HER2 status

HER? status had been determined by HER?2 fluorescence
in situ hybridization or silver in situ hybridization (SISH) for
cases that were equivocal by HER2 immunohistochemistry.
In cases whose HER?2 status was not determined, HER2 SISH
assays were performed with INFORM HER2 DNA and chro-
mosome 17 probes (Ventana Medical Systems) using an
ultraView SISH Detection Kit (Ventana Medical Systems) as
previously described [19]. At least 50 cells were evaluated for
each case and HER? status was determined according to the
updated 2013 ASCO/CAP guidelines [18]. A HER2 copy
number of 6.0 or higher per cell, or a HER2:CEP17 ratio of 2
or higher was defined as amplified. Cases with HER2 /CEP17
ratios < 2 and HER2 copy numbers of 4 to 6 signals per cell
were considered equivocal. HER2 copy numbers of < 4 sig-
nals per cell and HER2/CEP17 ratios < 2 were defined as
non-amplified. In this study, HER2-equivocal cases were
regarded as HER2-non-amplified for statistical analysis.

4. Definition of breast cancer subtypes

Immunohistochemical expression of the standard bio-
markers was used to categorize the tumor samples into
breast cancer subtypes according to the 2011 St. Gallen
Expert Consensus [20] as follows: luminal A (ER+ and/or
PR+, HER2-, Ki-67 < 14%), luminal B (ER+ and/or PR+,
HER2-, Ki-67 > 14%; ER+ and/or PR+, HER2+), HER2+
(ER-, PR—, HER2+), and triple-negative subtype (ER-, PR—,
HER2-).

5. Statistical analysis

Statistical significance was assessed using Statistical Pack-
age, SPSS ver. 15.0 for Windows (SPSS Inc., Chicago, IL).
Pearson’s chi-square test or Fisher's exact test was used to
compare frequencies between pairs of groups. Comparison
of continuous variables between matched pre-chemothera-

peutic and post-chemotherapeutic specimens was performed
by paired sample t-tests. Survival curves were estimated by
the Kaplan-Meier method, and the significance of differences
was assessed using the log-rank test. For multivariate analy-
sis, the Cox proportional hazards regression model was used
with backward stepwise selection, with covariates that were
significantly associated with patient outcome in the univari-
ate analyses. Hazard ratios and their 95% confidence inter-
vals were calculated for each variable. p-values less than 0.05
were considered statistically significant, and all reported
p-values were two-sided.

6. Ethical statement

This study was approved by an Institutional Review Board
of Seoul National University Bundang Hospital (Protocol #
B-1601/332-304), and informed consent was waived.

Results

1. Clinicopathologic characteristics of the patients

The 442 patients included in this study, that is the non-pCR
group, had low histologic grade (p < 0.001), ER positivity
(p < 0.001), PR positivity (p < 0.001), HER2 negativity (p <
0.001), and a low Ki-67 proliferation index (p < 0.001) more
frequently, compared to the pCR group (Table 1). ER, PR,
and HER? positivity were found in 71.3%, 60.2%, and 25.6%,
respectively of the non-pCR group. As for breast cancer sub-
type, the luminal A and luminal B subtypes were more fre-
quent in the non-pCR group than the pCR group. Clinical T
category tended to be higher in the non-pCR group
(p=0.051).

Table 2. Paired analyses of biomarker expression levels before and after primary systemic therapy

Biomarker

Estrogen receptor (%)

Estrogen receptor (Allred score)
Progesterone receptor (%)
Progesterone receptor (Allred score)
HER2 (IHC score)

Ki-67 index (%)

Pre-PST Post-PST p-value
61.24+42.92 58.43+43.45 0.001
5.52+3.54 5.38+3.57 0.008
34.44+38.92 17.76+28.53 <0.001
4.13+£3.51 2.96+3.16 < 0.001
1.41+1.04 1.55+1.01 < 0.001
25.85+19.61 15.70+20.23 < 0.001

Values are presented as meantstandard deviation. p-values were calculated by paired sample t-tests. PST, primary systemic
therapy; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry.
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Table 3. Biomarker changes after primary systemic therapy (n=442)

Positive in pre-PST Negative in pre-PST
Biomarker Positive in Negative in Negative in Positive in
post-PST post-PST post-PST post-PST
Estrogen receptor 305 (69.0) 10 (2.3) 119 (26.9) 8(1.8)
Progesterone receptor 201 (45.5) 65 (14.7) 161 (36.4) 15 (3.4)
HER2 109 (24.7) 4(0.9) 318 (71.9) 11 (2.5)
Ki-67 index? 113 (25.6) 151 (34.2) 166 (37.6) 12 (2.7)

Values are presented as number (%). PST, primary systemic therapy; HER2, human epidermal growth factor receptor 2. ¥As
for Ki-67 index, positive indicates high proliferation index (= 20%) and negative represent low proliferation index (< 20%).

Pre-PST Post-PST

ER

PR

HER2

Fig. 1. Representative examples of biomarker alteration after primary systemic therapy. Estrogen receptor (ER) and prog-
esterone receptor (PR) show negative conversion, and the immunohistochemical score for human epidermal growth factor
receptor 2 (HER2) is altered from 1+ to 3+ after primary systemic therapy (PST).
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Table 4. Biomarker changes after primary systemic therapy according to molecular subtype

Molecular subtype

in pre-PST

Biomarker

Positive in pre-PST

Positive in

post-PST

Negative in

post-PST

Negative in pre-PST

Negative in

post-PST

Positive in
post-PST

Luminal A (n=118) Estrogen receptor 118 (100) 0o - -
Progesterone receptor 85 (72.0) 22 (18.6) 7 (5.9) 4(3.4)
HER2 - - 114 (96.6) 4(3.4)
Ki-67 index?) . . 117 (99.2) 1(0.8)°
Luminal B (n=202) Estrogen receptor 187 (92.6) 10 (5.0)2 1(0.5) 4(2.0)
Progesterone receptor 116 (57.4) 43 (21.3) 35 (17.3) 8 (4.0)
HER2 63 (31.2) 2(1.0) 131 (64.9) 6 (3.0)
Ki-67 index?) 42 (20.8) 112 (55.4)99) 42 (20.8) 6 (3.0)°
HER2+ (n=48) Estrogen receptor - - 46 (95.8) 2(4.2)
Progesterone receptor - - 47 (97.9) 1(2.1)
HER2 46 (95.8) 2(42) - -
Ki-67 index?) 24 (50.0) 14 (29.2)9 7 (14.6) 3(6.3)
Triple-negative (n=74) Estrogen receptor - - 69 (93.2) 5 (6.8)
Progesterone receptor - - 72 (97.3) 2(2.7)
HER2 - - 73 (98.6) 1(1.4)
Ki-67 index?) 47 (63.5) 25 (33.8) 0 2(2.7)

Values are presented as number (%). PST, primary systemic therapy; HER2, human epidermal growth factor receptor 2.
9p=0.015, luminal A vs. luminal B, YAs for Ki-67 index, positive indicates high proliferation index (= 20%) and negative rep-
resent low proliferation index (< 20%), “p=0.002, luminal A vs. luminal B, ¥p < 0.001, luminal B vs. HER2+, ¢)p < 0.001,

luminal B vs. triple-negative.

2. Biomarker alteration after PST

In a paired analysis of 442 pre-and post-PST samples, ER
and PR expression generally decreased after PST (Table 2).
There was a more substantial decrease in PR positivity
(mean, 34.44% to 17.76%) and Allred score of PR (mean, 4.13
to 2.96) than in ER positivity (mean of positivity, 61.24% to
58.43%; mean of Allred score, 5.52 to 5.38). HER2 expression
level increased slightly (mean, 1.41 to 1.55) and Ki-67 index
decreased markedly (mean, 25.85% to 15.70%).

After PST, ER, PR, and HER?2 status was altered in 18
(4.1%), 80 (18.1%), and 15 (3.4%) patients, respectively (Table 3,
Fig. 1). Of the 18 patients with ER changes, 10 underwent
positive to negative conversion, and six of them had ER
expression levels of < 5% in the pre-PST samples. Of the eight
patients with ER negative to positive conversion, five also
had low ER expression levels (< 5%) in post-PST samples. Of
the 80 patients with PR status changes, 65 underwent posi-
tive to negative conversion. Of the 15 patients who under-
went negative to positive conversion, 11 had low PR
expression levels (< 5%) in post-PST samples. Overall, hor-
mone receptor status changed in 22 patients (5.0%), with 13
positive to negative conversions and nine negative to posi-
tive conversions. While HER2 positive to negative conver-

sion was observed in four (0.9%) of the total patients, HER2
negative to positive conversion was observed in 11 (2.5%).

Table 4 presents the biomarker alterations according to
pre-PST molecular subtype. All of the 10 cases with ER pos-
itive to negative conversion were of luminal B subtype, and
none belonged to luminal A subtype (p=0.015). In terms of
Ki-67 proliferation index, six cases (3.0%) of luminal B sub-
type changed from low index to a high one after PST, and
the frequency of this change was significantly higher than in
the luminal A subtype (0.8%) (p=0.002). The decrease of
Ki-67 proliferation index after PST were more prominent in
the luminal B subtype than in the HER2+ (p < 0.001) and
triple-negative (p < 0.001) subtypes. As a whole, the luminal
B subtype underwent the most alterations after PST.

3. Clinicopathological characteristics of tumors showing
biomarker alteration after PST

Table 5 summarizes the clinicopathological characteristics
of the tumors with biomarker changes after PST. ER conver-
sion was more frequent in tumors of high histologic grade
(p=0.018), PR negativity (p <0.001), high Ki-67 index (p=0.010),
and p53 overexpression (p < 0.001) before PST. ER conver-
sion was also associated with low ypT stage (p=0.014), PR
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Table 5. Clinicopathologic characteristics of tumors associated with biomarker changes after primary systemic therapy

o . ER status PR status HER?2 status
Clinicopathologic

Unaltered Altered p-value Unaltered Altered p-value Unaltered Altered p-value
(n=424) (n=18) (n=362) (n=80) (n=427) (n=15)

characteristic

Pre-primary systemic therapy

Clinical T category
T1-T2 253(59.7) 10(55.6) 0728  213(58.8) 50(62.5) 0.546 256 (60.0) 7(46.7) 0303
T3-T4 171 (40.3)  8(44.4) 149 (41.2)  30(37.5) 171 (40.0) 8(53.3)
Clinical N category
NO 77 (182)  3(16.7)  1.000 67 (185) 13(16.3)  0.635 80 (18.7) 0 0.084
N1-N3 347(81.8) 15(83.3) 295(81.5) 67(83.8) 347(81.3)  15(100)
Histologic grade
Low to intermediate 280 (66.0)  7(389) 0.018  222(61.3) 65(81.3) 0.001 279 (65.3) 8(53.3) 0.338
High 144 (34.0) 11 (61.1) 140 (38.7)  15(18.8) 148 (34.7) 7 (46.7)
Estrogen receptor
Negative 119 (28.1)  8(444) 0133  121(334) 6(7.5) <0.001 124 (29.0) 3(20.0) 0570
Positive 305(71.9) 10 (55.6) 241(66.6)  74(92.5) 303 (71.0)  12(80.0)
Progesterone receptor
Negative 160 (37.7) 16(88.9) <0.001 161 (44.5) 15(18.8) <0.001 171 (40.0) 5(33.3) 0.602
Positive 264 (62.3)  2(11.1) 201(55.5) 65(81.3) 256 (60.0) 10 (66.7)
HER?2 status
Negative 318(75.0) 11(61.1) 0267  266(73.5) 63(78.8) 0.328  318(745) 11(73.3) >0.999
Positive 106 (25.0)  7(38.9) 96 (26.5) 17(21.3) 109 (25.5) 4(26.7)
Ki-67 index (%)
Low (< 20) 176 (415)  2(11.1) 0010  139(384) 39(48.8) 0.088  174(40.7) 4(267) 0274
High (= 20) 248 (58.5) 16 (88.9) 223 (61.6) 41(51.3) 253(59.3) 11 (73.3)
P53 overexpression
Absent 278 (65.6)  4(222) <0.001  228(63.0) 54(67.5) 0447 274 (64.2) 8(53.3) 0.391
Present 146 (34.4) 14 (77.8) 134 (37.0) 26 (32.5) 153 (35.8) 7 (46.7)
Post-primary systemic therapy
ypT stage
T1 229 (54.0) 15(83.3) 0.014  208(57.5) 36(45.0) 0.043  238(55.7) 6(40.0) 0.223
T2-T4 195 (46.0)  3(16.7) 154 (42.5) 44 (55.0) 189 (44.3) 9 (60.0)
ypN stage
NO 145(34.2) 10(55.6)  0.063  133(36.7) 22(275) 0117  154(36.1) 1(67)  0.019
N1-ypN3 279 (65.8)  8(44.4) 229 (63.3) 58(72.5) 273(63.9) 14 (93.3)
Miller-Payne grade
Grade 1-2 116 (27.4)  3(16.7)  0.422 91 (25.1) 28(35.0) 0.072 114 (26.7) 5(33.3) 0561
Grade 3-4 308 (72.6) 15(83.3) 271(74.9)  52(65.0) 313(73.3) 10 (66.7)
RCB class
Class I-1I 119 (46.9) 12(66.7)  0.101  176(48.6) 35(43.8) 0.430 209 (48.9) 2(13.3)  0.007
Class III 225(53.1)  6(33.3) 186 (51.4) 45 (56.3) 218 (51.1) 13 (86.7)
Estrogen receptor
Negative 119 (28.1) 10(55.6)  0.012  123(34.0) 6(7.5) <0.001 125 (29.3) 4(26.7) >0.999
Positive 305(71.9)  8(44.4) 239 (66.0) 74 (92.5) 302(70.7) 11 (73.3)
Progesterone receptor
Negative 210(49.5) 16(889)  0.001  161(44.5) 65(81.3) <0.001  220(51.5) 6(40.0) 0.380
Positive 214 (50.5)  2(11.1) 201(55.5) 15(18.8) 207 (48.5) 9 (60.0)
HER?2 status
Negative 310(73.1) 12(66.7) 0590 262 (72.4) 60(75.0) 0.633 318 (74.5) 4 (26.7) <0.001
Positive 114 (26.9)  6(33.3) 100 (27.6) 20 (25.0) 109 (25.5)  11(73.3)

(Continued to the next page)
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Table 5. Continued

ER status PR status HER?2 status
Clinicopathologic —_— —_— —_—
characteristic Unaltered Altered p-value Unaltered Altered p-value Unaltered Altered p-value
(n=424) (n=18) (n=362) (n=80) (n=427) (n=15)
Ki-67 index (%)
Low (< 20) 310(73.1)  7(389) 0002 250 (69.1) 67(83.8) 0008 307 (71.9) 10(66.7) 0.771
High (= 20) 114 (26.9) 11(61.1) 112(30.9) 13 (16.3) 120(28.1)  5(33.3)

Values are presented as number (%). ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth

factor receptor 2; RCB, residual cancer burden.

negativity (p=0.001), and high Ki-67 index (p=0.002) after
PST. On the other hand, PR conversion was more frequent
in tumors with pre-PST low to intermediate histologic grade
(p=0.001), ER positivity (p < 0.001), and PR positivity (p <
0.001). Among the post-PST factors, PR conversion was
associated with high ypT stage (p=0.043), ER positivity (p <
0.001), and low Ki-67 index (p=0.008).

ER and PR changes after PST were predominantly from
positive to negative (p=0.012, ER; p < 0.001, PR). Cases with
HER?2 conversion had a higher frequency of lymph node
metastasis (p=0.019), and higher RCB class (p=0.007). HER2
changed more frequently from negative to positive (p <
0.001).

4. Prognostic significance of biomarker alteration after PST

Most of the patients received the standard treatment and
regular follow-up. Three hundred and eighty-seven patients
(87.6%) were treated by radiation therapy, and 316 (71.5%)
received adjuvant endocrine therapy. The median follow-up
period was 41 months (range, 1 to 142 months). Kaplan-
Meier plots for disease-free survival according to biomarker
status alteration are shown in Fig. 2. Positive to negative con-
version of ER and PR status after PST was associated with
decreased disease-free survival of the patients compared to
persistent positive tumors (p=0.038 and p=0.017, respec-
tively). There was no prognostic significance of negative to
positive conversion of ER and PR in comparison with tumors
with persistent negative status. However, compared to per-
sistent PR-positive group, negative to positive conversion of
PR was associated with poor disease-free survival (p=0.004)
(Fig. 3). HER2 alteration had no prognostic significance. High
Ki-67 index after PST was associated with decreased disease-
free survival regardless of pre-PST Ki-67 index. We also eval-
uated prognostic significance according to changes of Allred
scores of ER and PR after PST in the pre-PST ER or PR posi-
tive groups. Interestingly, the decrease of Allred score of PR
in post-PST samples was significantly associated with poor

disease-free survival (p=0.006) (Fig. 4).

Univariate and multivariate analyses of disease-free sur-
vival in the whole patient group, the pre-PST ER-positive
group, the group receiving adjuvant endocrine therapy, and
the pre-PST PR positive group are summarized in Table 6. In
multivariate analyses of the whole group, ypT category
(p=0.003), ypN category (p=0.001), Miller-Payne regression
grade (p=0.020), post-PST ER status (p=0.025), and post-PST
PR status (p=0.028) were independent prognostic factors.
Post-PST ER status was not found to be an independent
prognostic factor in the pre-PST ER-positive group, but ypT
stage (p=0.047), post-PST PR status (p=0.031) and post-PST
Ki-67 index (p=0.002) were independent prognostic factors.
Negative PR status after PST was also an independent
adverse prognostic factor in multivariate analyses of the
group receiving adjuvant endocrine therapy (p=0.012),
together with high ypT stage (p=0.028), high ypN stage
(p=0.019), and post-PST high Ki-67 index (p=0.001). In the
pre-PST PR positive subgroup, post-PST PR negative status
(p=0.008) and high Ki-67 index (p=0.034) were independent
poor prognostic factors.

Discussion

The frequency of biomarker alterations after PST in breast
cancer has varied widely between report [7,21]. This variabil-
ity raises the clinical question whether repeat tests on sam-
ples after chemotherapy need to be routinely performed. In
addition, there is a relative lack of data about the prognostic
value of biomarker alterations in breast cancer. We showed
in the present work that PR status changes frequently after
PST, and negative conversion of PR status is a poor prognos-
tic indicator.

In the present study, alterations of ER, PR, and HER? sta-
tus were observed in 4.1%, 18.1%, and 3.4% of the total cases,
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Fig. 2. Survival analyses according to biomarker alteration after primary systemic therapy. Negative conversion of estrogen
receptor (ER) (A) and progesterone receptor (PR) (C) status after primary systemic therapy (PST) are associated with
decreased disease-free survival. However, positive conversion of ER (B) or PR (D) in receptor-negative cases has no prog-

nostic significance. (Continued to the next page)

respectively. PR status changed more often than that of ER
and HER?, which is consistent with previous reports [12,21-
23]. The frequency of positive to negative conversion was
higher than negative to positive. It is notable that alterations
of biomarkers were more frequent in the luminal B subtype
than in the luminal A, HER2+ and triple-negative subtypes.
Zhou et al. [22] also showed that the luminal B and luminal-
HER?2 subtypes underwent biomarker alterations after PST
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more frequently than the other subtypes, although the dif-
ferences were not statistically significant except for the Ki-67
index [22]. Recently, Xian et al. [23] reported that the triple-
negative subtype usually remained triple-negative after PST,
and PR was the most frequently altered biomarker. Cur-
rently, there are no guidelines about whether treatment
should be modified based on altered biomarker status after
PST. However, patients with hormone receptor conversion
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Fig. 2. (Continued from the previous page) (E, F) Alteration of human epidermal growth factor receptor 2 (HER?2) status after
PST is not related to the survival of patients. (G, H) High Ki-67 index in post-PST samples is associated with poor disease-

free survival, irrespective of pre-PST Ki-67 status.

that received endocrine therapy were shown to have signif-
icantly better disease-free or overall survival than those with
conversion without endocrine therapy [9,24]. In our study,
most cases with negative to positive conversion of hormone
receptor status had low receptor expression levels (< 5%),
and there was no difference in survival according to adjuvant
endocrine therapy among those patients (data not shown).
Further investigation of treatment modification according to
altered biomarker status, including patients with low levels

of hormone receptor expression, are warranted.

The clinicopathologic features associated with ER, PR, and
HER?2 conversion differed. While ER conversion was more
frequently found in cases of high histologic grade and high
Ki-67 index before PST, PR conversion occurred more fre-
quently in cases with pre-PST lower histologic grade and
post-PST low Ki-67 index. It has been reported that PR status
changed quite often in carcinomas that were grade 1-2 before
PST, whereas changes of ER status were unrelated to histo-
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Table 6. Univariate and multivariate analyses of disease-free survival

Variable

Univariate analysis

HR

95% CI

p-value

Multivariate analysis

HR

95% CI

p-value

Whole group (n=442)

ypT category T1 vs. T2-4 2410 1.530-3.796 <0.001 2241 1.316-3.819  0.003
ypN category NO vs. N1-3 2343 1.316-4.171  0.004 2,641  1.455-4.793  0.001
Miller-Payne grade Grade 3-4 vs. 1-2 2930 1.894-4.533 <0.001 1.844 1.101-3.088  0.020
RCB class? Iand IT'vs. 11T 2557 1.555-4.203 <0.001 - - -
ER status (post-PST) Positive vs. negative 2493 1.903-4553 <0.001 2200 1.106-4.374  0.025
PR status (post-PST) Positive vs. negative 2.653 1.637-4.301 <0.001 1.987 1.076-3.672 0.028
HER?2 status (post-PST) Negative vs. positive 1.138  0.702-1.846  0.599 - - -
Ki-67 index (post-PST) (%) <20vs.>20 3.148  2.035-4.870 <0.001 1.740  0.967-3.130  0.065
Pre-PST ER-positive
group (n=315)
ypT category T1vs. T2-4 2178  1.128-4208  0.020 2242 1.012-4966  0.047
ypN category NO vs. N1-3 3.031 1.078-8.521  0.035 2443 0.847-7.046  0.098
Miller-Payne grade Grade 3-4 vs. 1-2 2271  1.229-4198  0.009 1391 0.691-2.803  0.355
RCB class? Iand IT vs. III 2668 1.231-5779  0.013 = = =
ER status (post-PST) Positive vs. negative 3.254  0.998-10.602  0.050 1.362  0.309-6.013 0.683
PR status (post-PST) Positive vs. negative 1.829  0.990-3.379 0.054 2.052 1.068-3.943  0.031
HER?2 status (post-PST) Negative vs. positive 0.995 0.460-2.156  0.991 - - -
Ki-67 index (post-PST) (%) <20vs.>20 3.078 1.593-5.949  0.001 3.196 1.547-6.603  0.002
Adjuvant endocrine
therapy-treated group (n=316)
ypT category T1 vs. T2-4 2183 1.130-4.217  0.020 2125 1.086-4.159  0.028
ypN category NO vs. N1-3 4293 1.323-13.926  0.015 4182 1.271-13.753 0.019
Miller-Payne grade Grade 3-4 vs. 1-2 2324 1.258-4295  0.007 1526  0.772-3.018  0.224
RCB class? Iand IT vs. 11T 3786 1.592-9.006  0.003 - - -
ER status (post-PST) Positive vs. negative 1.833  0.440-7.632  0.405 - - -
PR status (post-PST) Positive vs. negative 1.907 1.032-3.523 0.039 2210 1.187-4.115 0.012
HER?2 status (post-PST) Negative vs. positive 0944 0436-2.045  0.884 - - -
Ki-67 index (post-PST) (%) <20vs.>20 2,668 1.360-5.234  0.004 3179 1.611-6.270  0.001
Pre-PST PR-positive
group (n=266)
ypT category T1vs. T2-4 2504 1.153-5439  0.020 2,047 0.863-4.855  0.104
ypN category NO vs. N1-3 4600 1.097-19.294  0.037 4091 0.959-17.448 0.057
Miller-Payne grade Grade 3-4 vs. 1-2 2412 1.192-4.881 0.014 1.607 0.735-3.511  0.235
RCB class? Iand IT vs. III 4262 1491-12.183  0.007 = = =
ER status (post-PST) Positive vs. negative 1.314 0.178-9.698 0.789 - - -
PR status (post-PST) Positive vs. negative 2.326  1.139-4.749 0.020 2.668 1.288-5.528  0.008
HER? status (post-PST) Negative vs. positive 0.776  0.298-2.022  0.604 - - -
Ki-67 index (post-PST) (%) <20vs. 20 2201  0.980-4.942  0.056 2440 1.068-5.574  0.034

HR, hazard ratio; CI, confidence interval; RCB, residual cancer burden; ER, estrogen receptor; PST, primary systemic therapy;
PR, progesterone receptor; HER2, human epidermal growth factor receptor 2. YRCB class was highly correlated with ypN
stage (correlation coefficient > 0.755) and so was not included in the multivariate analysis.

logic grade before PST [12]. Others have reported that large
tumor size and lymph node metastasis are associated with
biomarker alterations [22]. Thus the clinicopathologic factors
associated with biomarker alteration after PST differ between

reports and the situation is still unclear. Further large-scale
studies are needed.

Several studies have focused on the prognostic value of
biomarker alterations after PST in breast cancer, and the
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results are controversial. As for positive conversion of hor-
mone receptor status, Tacca et al. [13] reported that positive
conversion of hormone receptor status was correlated with
favorable clinical outcome. Hirata et al. [9] showed that
patients with ER negative to positive conversion after PST
had a poorer prognosis. However, in our study, positive con-
version of hormone receptor status did not have prognostic
significance. At the same time, there are recent reports that
negative conversion of hormone receptor status, especially
loss of PR positivity, predicts poorer disease-free survival
[6,8,10,14], which is concordant with our findings. We also
showed that reduced PR Allred score was associated with an
unfavorable prognosis. Finally, negative PR status itself after
PST was an independent prognostic factor in the whole
patient group, the pre-PST ER positive group, the adjuvant
endocrine therapy-treated group, and the pre-PST PR posi-
tive group. Accordingly, we recommend re-evaluation of
basic biomarkers in breast cancer after PST not only for
proper management, but also for better prognostication of
patients. Regarding HER?2, alteration of its status did not
have prognostic significance in our study. This is in contrast
to a previous report that patients with tumors undergoing
negative HER2 conversion following treatment had signifi-
cantly reduced disease-free survival [11,25].

The causes of biomarker alteration following PST remain
unclear. They can be partly understood in terms of well-doc-
umented cancer biology, including intra-tumoral hetero-
geneity and the general instability of tumor biomarkers
[21,22]. ER+/PR- tumors are known to have aggressive
behavior and tamoxifen resistance despite ER positivity
[26,27]. In terms of biomarker alteration during tumor pro-
gression, metastatic ER+/PR- tumors follow a worse clinical
course after loss of PR [26,28]. The mechanism of PR loss in
breast cancers has not been fully elucidated, but involves
complex mechanisms including low serum ER, hypermethy-
lation of the PR promoter, loss of DNA at the PR locus,
growth factor signaling of the PR, and altered ER co-regula-
tor activity [26]. However, it is unclear which mechanism is
particularly associated with the PR loss related to PST. It has
been suggested that decreased PR expression is associated
with increased growth factor signaling, and that this con-
tributes to the aggressiveness of ER+/PR- tumors [26,27].

Factors related to data collection and analysis could also
affect differences between pre- and post-PST biomarker sta-
tus [11,21]. In the current study, all the cases were collected
from a single institution, the same immunohistochemistry
methods were used, and the same criteria for interpretation
were applied. Therefore, the effects of such technical factors
should be minimal. In general, the concordance between bio-
marker expression in core needle biopsies and excised spec-
imens is excellent [21,29]: in a different cohort in our insti-
tution it was 99% for ER and 97.1% for PR [30]. The frequency
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of biomarker alterations after PST was higher than the fre-
quency of discrepancies between biopsy and excision speci-
mens in our institution, indicating that biomarker alteration
after PST is related to tumor biology itself rather than pre-
analytic and analytic factors. However, most cases of hor-
mone receptor conversion after PST, especially those with ER
conversion, had low hormone receptor expression levels,
suggesting that analytical issues associated with the use of a
specific cut-off value (1% in this study) and intra-tumoral
heterogeneity may contribute to the discordance between
biopsy and excision specimens.

There are some limitations in this study. First, being a ret-
rospective study, the patients were not treated with homog-
enous chemotherapeutic regimen although most patients
received standard treatment. Moreover, changes were made
regarding hormone and anti-HER? therapies in treatment of
breast cancer during 2004 to 2015. For example, in 113 HER2-
postitive breast cancer patients, 12 patients (10.6%) did not
receive anti-HER2 therapy. Although there was no survival
difference in HER2-positive breast cancer patients with or
without anti-HER? therapy (p=0.920, log-rank test, data not
shown), the difference in adjuvant treatment may affect clin-
ical outcome. Also, the follow-up periods were too short for
the recent cases, considering the large proportion of early
staged breast cancer in this group. Thus, further large-scale
studies in a homogeneously-treated patient population with
long-term follow-up would be needed to confirm the prog-
nostic value of PR conversion after PST in breast cancer.

In conclusion, negative conversion of PR status after PST
was frequently observed in breast cancer, and it was associ-
ated with poor clinical outcome in patients with breast can-
cer. Therefore, we suggest that re-evaluation of basic
biomarkers should be mandatory in breast cancer after PST,
for proper management and better prognostication of
patients.
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