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Abstract

Biomarkers of breast cancer such as hormone receptors (HR) and human epidermal growth factor 2 (HER2) can be altered
after neoadjuvant chemotherapy (NAC). However, whether the conversion of these receptors affects the prognosis of patients
remains to be determined. We sought to evaluate the prognostic value of HR and HER?2 receptors before and after NAC and to
analyze their clinical implications. Relevant studies were used to calculate the pooled hazard ratios, 95% confidence interval
(95% CI). This meta-analysis included eight studies with 2847 patients. Compared to patients with HR+— +, patients with
HR+ — — have shorter disease free survival (DFS) (hazard ratio=2.64, 95% CI 1.86-3.75) and overall survival (OS) (haz-
ard ratio=2.99, 95% CI 1.97-4.54). Furthermore, patients with HR— — +tend to achieve better DFS (hazard ratio=0.83,
95% CI 0.60-1.17) compared to patients with HR— — —. Patients with HR— — + gain better OS (hazard ratio=0.67, 95%
CI 0.46-0.99) compared to patients exhibiting HR— — —. When comparing patients with HER2+ — — to patients with
HER2+ — +, patients with HER2+ — — tended to achieve better DFS (hazard ratio=1.65, 95% CI 1.08-2.53) though
results for OS (hazard ratio=1.16, 95% CI 0.54-2.49) were not statistically significant. Our data strongly support the need
for redetection of HR and HER?2 receptor status of surgical sample following neoadjuvant therapy. Changes in HR status
induced by NAC can be used as a prognostic factor in breast cancer patients for predicting both OS and DFS. HER?2 change
may also be valuable for predicting prognosis. Further research should explore therapeutic strategies for those presenting
receptor status conversion.
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Introduction

Chao Li, Hongwei Fan have contributed equally to this
publication. NAC is widely regarded as an important treatment option

for early-stage breast cancer patients and is able to achieve
similar long-term clinical outcomes as adjuvant treatment
[1, 2]. Patients that achieve pathological complete response
(pCR) may attain better clinical outcome [3, 4]. However,
B4 Yimin Cui only a minority of patients achieve pCR following NAC

cui.pharm @pkufh.com therapy while the majority of the patients receiving NAC
treatment still harbor residual disease [5]. Recent studies
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that in approximately 21.4% of HER2-positive patients, the
breast tumor converted to HER2-negative [11].

The results from several studies concerning the prog-
nostic value of changes in these receptors levels following
NAC remain controversial. Most of the studies concluded
that patients with HR+— — harbored poor prognosis in both
OS and DFS [12]. However, Tacca et al. failed to observe
a significant change in DFS and OS between patients with
HR- — + and those with HR— — — [13]. Furthermore,
Wang et al. found that HER2+ — — status was associated
with a 2.64-fold (95% CI 1.10-6.31) increased risks for
relapse comparing to patients with HER2+— +[14]. Results
are variable between different studies [15]. Due to the small
sample sizes and contradictory findings of previous studies,
in this investigation, we conducted a meta-analysis to clarify
HR and HER?2 discordance prognostic value and to explore
their potential clinical value.

Methods
Search strategy

We performed a meta-analysis according to the guide-
lines of MOOSE [16]. Online databases including Pub-
Med, EMBASE and the Cochrane library were searched to
identify relevant literature published from 1950 to Febru-
ary 2018. For the literature search, the following key word
combinations were incorporated: ‘breast cancer,” ‘neoadju-
vant chemotherapy,” ‘receptor,” and ‘change,” ‘discordance.’
Abstracts from the American Society of Clinical Oncology
(ASCO), European Society of Medical Oncology (ESMO),
and San Antonio Breast Cancer Symposium (SABCS) of
the past 5 years were manually retrieved. Published stud-
ies were selected for analysis based on the following crite-
ria: (1) English publications; (2) Studies focusing on breast
cancer and NAC; (3) studies associated with HR or HER2
change and long-term outcome; (4) studies in human. Stud-
ies were excluded if they were either: (1) reviews or labora-
tory research on mechanisms and/or (2) studies that have
overlapping data. For studies with insufficient data, we sent
emails to the corresponding author for additional data or
unpublished information needed for our meta-analysis study.

Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to evaluate
the quality of the studies by appraising the methodological
value. This was judged by an eight-item instrument via three
broad perspectives: the selection of studies; study compa-
rability; and the ascertainment of the outcome of interest.
After implementing a merit system of assigning points or
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“stars,” we considered studies awarded with five points or
higher as high-quality studies.

Statistical analysis

The HRs for the outcomes and their 95% CI were extracted
via multivariable analyses. Otherwise, we used the Excel
spreadsheet that was provided by Tierney et al. for extraction
and the Engauge Digitizer software version 10.6 to repro-
duce data using the survival curves [17]. The heterogeneity
test for pooled hazard ratios was verified using the Higgins-
P statistics. A random-effects model was applied when sig-
nificant heterogeneity was observed (I*>50%). Otherwise,
the fixed-effects model was utilized. Publication bias was
estimated by using Begg’s test and Egger’s test with a fun-
nel plot. All P values were calculated using a two-sided test,
and a P value <0.05 was considered statistically significant.
All statistical analyses in our study were conducted with
STATA12 (Stata Corp LP, College Station, TX, USA),
Engauge Digitizer (V.10.6) and Microsoft Excel (V.2013,
Microsoft Corporation, Redmond, Washington, USA).

Search result

As shown in Fig. 1, relevant articles (n=1987) were
retrieved. Through a preliminary screening, 1730 articles
were excluded by title and abstract, language, reviews ,and
duplication. Afterwards, 228 articles were excluded due
to irrelevancy to survival. With regards to the remaining
29 articles, 21 full-text articles were excluded because

Potentially relevant studies
Identified(n=1987)

Duplicated(n=334)
Excluded by title and
abstract(n=1371)
Non-English(n=25)

Potentially relevant studies
Identified(n=257)

No prognosis(n=208)
Review articles(n=20)

Articles remaining
(n=29)

Full-text articles
Unobtainable(n=21)

Studies
meta-analysis(n=8)

included in

Fig.1 Flow diagram of the systematic search and selection process
of articles
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relevant information could not be obtained from the corre-
sponding authors. Only eight articles were included in this
meta-analysis.

Study characteristics

The general characteristics of patients from all the included
studies are shown in Table 1. 2847 patients were included in
eight studies. The reported mean or median follow-up ranged
from 3.0 to 7.2 years. All patients HR status of pre-NAC
and surgical specimens were identified by using immuno-
histochemistry (IHC) analysis. HER2 overexpression was
defined as an IHC score of 3 + in three studies. For patient
with a score of 2 + THC, fluorescence in situ hybridization
(FISH) was tested except for one study [18]. In addition, we
discovered that in three studies [12, 18, 19] patients were
administered endocrine therapy if HR was positive at any
point in time. This was helpful to conduct subgroup analysis
and to investigate the effect of endocrine therapy in patients
with HR conversion. Table 1 summarizes other relevant
information.

Meta-analysis

NAC induced change rate was 17.88%, 22.83%, and 19.29%
for ER, PR, and HR, respectively. The incidence of ER, PR,
HR, and HER?2 gain and loss is shown in Table 2. The ratio
of PR conversion is higher than that of ER, which aligned
with the observations in the previous study [9]. HER2

change rate (11.76%) was higher than the previous largest
study (7.38%) [20]. A plausible explanation may be that the
administered proportion of anti-HER2 therapy was different
in two cohorts [9].

Prognostic value of HR status conversion
for patients with HR+ — — and patients
with HR+ — +

A total of three studies [12, 18, 19] for DFS analysis and
three studies [12, 18, 19] for OS analysis. The results of our
meta-analysis show that patients with HR+ — — were asso-
ciated with less DFS and OS than patients with HR+— +,
for pooled hazard ratio=2.64, 95% CI 1.86-3.75 and hazard
ratio=2.99, 95% CI 1.97-4.54, respectively (Figs. 2, 3). A
subgroup analysis was conducted in three studies [12, 18,
19] in which all patients were administrated endocrine ther-
apy at any time when HR appeared positive. For this sub-
group, patients with HR+ — — showed significantly shorter
DFS and OS than patients with HR+— +, for pooled hazard
ratio=2.79(95% CI 1.84-4.22) and hazard ratio=3.14(95%
CI 1.95-5.03), respectively.

Prognostic value of HR status conversion
for patients with HR— — + and patients
with HR— — —

DFS and OS analysis were conducted in four studies [12,
13, 18, 19]. Heterogeneity was not found. Compared to

Table 1 A summary of the different investigations and their characteristics used in this study

Author, year Country Design No. of patient Pre-NAC testing Detect method Outcome Median or NAC regimen
(shown) mean follow-up
(years)
Tacca, 2007 [13] France P 420 FNA or CNB HC OS/DES (SC) NR AVCF/NAM/
TNCF/FAC
Mittendorf, 2009 USA R 142 CB FISH DEFS (SC) 3.1 T—FAC, H
(21]
Guarneri, 2013 Italy P 107 CB IHC/FISH DFS (RE) NR T—FAC,
[15] H/L/H+L
Tan, 2014 [18] China R 296 CNB IHC OS/DES (RE) 35 FAC/AC — T/AT/
TAC
Jin, 2015 [12] China P 423 NR THC/FISH OS/DFS (RE) 3.7(0.2-12.4)  TCb/CAF/NA/TA.
Lim, 2016 [19] Korea R 322 CB ITHC/FISH OS/DFS (RE) 5.3(0.4-9.2) AC/AC—-T/TG,
H/L
Wang, 2017 [14] China R 549 FNA IHC OS (RE) 3.0 TCr/TCrH
Yoshida, 2017 Japan R 588 FNA or CNB IHC/FISH DFS (RE) 6.2 A/T,H

[22]

The key to the abbreviations as follows: CB core biopsy, CNB core needle biopsy, FISH fluorescence in situ hybridization, FNA fine needle
aspiration, /HC immunohistochemistry, NR not reported, P prospective study(in study design column), R retrospective study, RE reported, SC
survival curve. The key to the abbreviations in the NAC regimen as follows: A anthracycline, C cyclophosphamide, Cb carboplatin, F fluoroura-
cil, H trastuzumab, L lapatinib, M methotrexate, N vinorelbine, P cisplatin (in NAC regimen column), 7 taxanes. Only HER2+ patients received

trastuzumab treatment
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Table 2 Change in ER, PR,HR, and HER2 status of the primary tumor after neoadjuvant therapy

Primary tumor n Residual tumor n Ratio %

ER status ER status

Positive 277 Positive 229 82.67
Negative 48 17.33

Negative 288 Positive 53 18.40
Negative 235 81.60

PR status PR status

Positive 267 Positive 191 71.54
Negative 76 28.46

Negative 298 Positive 53 17.79
Negative 245 82.21

HR status HER?2 status

Positive 907 Positive 764 84.23
Negative 143 15.77

Negative 493 Positive 127 25.76
Negative 366 74.24

HER?2 status HER?2 status

Positive 556 Positive 439 78.96
Negative 117 21.04

Negative 549 Positive 13 2.37
Negative 536 97.63

The key to the abbreviations as follows: ER estrogen receptor, PR progesterone receptor, HR hormone receptor, HER2 human epidermal growth
factor receptor 2

Fig.2 A summary of OS of Subgrou No. of Model Favors Favors Pooled Hazard ratio B
patients with receptor conver- e studies Conversion Stable (95%CI)
sion. NA not applicable, RE HR+—>-

reported, SC survival curve. l(z)ve.rall 3 Fixed L 2.99 (1.97-4.54) <0.01
Endocrine is subgroup with eglon
. sroup Asia 3 Fixed = 2.99 (1.97-4.54) <0.01
adjuvant endocrine therapy that
if HR was detected to be posi- Report
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patients with HR— — —, patients with HR— — 4 achieve  in two studies [18, 19] in which patients were adminis-
better OS (hazard ratio=0.67, 95% CI 0.46-0.99). trated adjuvant endocrine therapy at any time when HR
Patients with HR— — + tend to achieve better DFS (haz-  appeared positive. For patients with HR—— —, patients with
ard ratio=0.83, 95% CI 0.60-1.17) compared to patients =~ HR—— + may achieve longer OS (hazard ratio=0.58, 95%
exhibiting HR— — —. A subgroup analysis was conducted  CI 0.32-1.06). No statistical significance was found for these
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two groups in the DFS analysis (hazard ratio=0.75, 95% CI
0.43-1.31) (Figs. 2 and 3).

Prognostic value of HER2 status conversion
for patients with HER2+ — — and patients
with HER2+ — +

DFS and OS analysis were conducted in six studies [12, 14,
15, 19, 21, 22] and two studies [12, 19], respectively. DFS
of patients with HER2+ — — was significantly worse than
DEFS of patients with HER2+— + (hazard ratio=1.65, 95%
CI 1.08-2.53). No statistical significance was found for OS
analysis (hazard ratio=1.16, 95% CI 0.54-2.49) (Figs. 2 and
3).

Prognostic value of HER2 status conversion
for patients with HER2— — + and patients
with HER2—- — —

There were only two studies [12, 22] reporting outcomes of
patients with HER2— — + and patients with HER2— — —.
No statistical significance was found both in DFS (hazard
ratio=1.43, 95% CI 0.67-3.04) and OS analysis (hazard
ratio=1.53, 95% CI 0.41-1.77) respectively (Figs. 2, 3).

Sensitivity analysis

To confirm the outcome of our analyses, we conducted a
sensitivity analysis by sequentially eliminating one study at
a time. No single study could influence the pooled HRs and
95% Cls of the meta-analysis.

Risk of publication bias in studies

Due to limited studies (n=4) in HR status conversion, the
publication bias was not conducted. In HER?2 status conver-
sion, no significant publication bias was found (Fig. 4).

Discussion

Similar to the findings of previous studies [9, 10], our meta-
analysis showed that HR and HER2 were lost or gained in
a considerable proportion of patients after receiving NAC.

It is noteworthy that 13.8% and 2.6% of patients gained
ER or HER?2, respectively, following NAC. If test of HR
and HER2 status in residual tumor had not been conducted,
these patients may have lost the opportunity to receive adju-
vant hormonal therapy or adjuvant anti-HER?2 therapy. The
ASCO/CAP recommends that patients with metastatic dis-
ease receive a HER?2 test performed at a metastatic site [23].
However, in a neoadjuvant setting, the ASCO/CAP do not
prescribe a similar recommendation. Based on the high pro-
portion of patients with HR or HER2 status change and the
prognostic value of these receptors conversion, we propose
redetection of HR and HER?2 status of surgical sample fol-
lowing neoadjuvant therapy. To our knowledge, our study
is the first systematic review and meta-analysis regarding
long-term outcome of receptor conversion before and after
NAC. Patients with receptor discordance may benefit from
changing therapy.

In our meta-analysis, patients with HR+— — presented
both worse DFS and OS compared to patients with HR+— +.
Shorter DFS and OS in patient with HR+— — may mean
HR loss is a more aggressive phenotype. In sub-group
analysis involving three studies in which patients were
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Fig.4 Publication bias for stud-
ies involving HER?2 conversion

Begg's funnel plot with pseudo 95% confidence limits
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administrated adjuvant endocrine therapy at any time
when HR appeared positive, patients with HR+ — — also
had shorter DFS and OS. These results may indicate that
patients with HR+ — — gain limited benefit from adjuvant
endocrine therapy. Currently, no general agreement exists
in whether adjuvant endocrine treatment should be adminis-
tered to patients with HR changes following NAC treatment.
Adjuvant endocrine therapy is likely administrated if HR is
detected to be positive at any point in time. There was only
one retrospective trial [24] designed to research the value of
adjuvant endocrine therapy in patients with HR+— — (57
patients administered endocrine therapy and 40 patients
were not administered endocrine therapy). The DFS of adju-
vant endocrine therapy group was significantly higher than
that of the group without adjuvant endocrine therapy. How-
ever, the 5-year OS was not statistically significance. There-
fore understanding the role of adjuvant endocrine therapy
in patients with HR+ — — requires further trials and future
investigation.

Patients with HR— — + may attain additional therapy
options. Our meta-analysis indicates that patients with
HR— — + tend to have better DFS and OS in contrast
with patients with HR— — —. Since not all patients with
HR— — + received adjuvant endocrine treatment, the value
of adjuvant endocrine treatment in patients with HR—— +
has not been clearly evaluated.

Patients with HER2+ — — exhibited poor DFS. However,
we did not find a statistically significant difference in OS
for patients with HER2+— —. HER?2 instability is seen in
primary tumors [14, 15] and in metastatic settings [11, 25].
A retrospective analysis [11] involved 182 advanced breast
cancer patients with HER2+ — — at the metastatic site.
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There were statistically significant differences in OS between
patients with HER2+ — — and patients with HER2+— +,
whether or not patients were given trastuzumab. However, in
the HER2+ — — subgroup, OS did not differ between those
who did and did not receive trastuzumab. These results sug-
gest that patients with loss of HER2 status may be less sensi-
tive to trastuzumab.

Previous research suggested that receptor changes were
indicators of poor prognosis for both residual [18, 19] and
metastatic sites [11, 25, 26]. Our meta-analysis showed that
the prognosis of the majority of patients with HR conversion
or HER?2 conversion were poor. The hypothesized mecha-
nisms of receptors changes is as follows: (1) Receptor change
might be associated with genetic instability. Heterogeneity
widely exists in breast tumor [27]. Receptors status change
leads to less differentiation and higher aggressiveness [28].
This change may further exacerbate tumor recurrence and
metastasis. (2) Primary tumor biological characters may be
changed by NAC. These changes in receptors are indicators
of a survival mechanism of tumor cells in order to resist the
effects of chemotherapy.

Limitations

We recognize that our study harbors limitations. First, we
chose English-based articles which may have led to miss-
ing important data published in other languages. There
may also be clinical heterogeneity among studies, such as
age, race, NAC regime as well as the tested methodology.
Furthermore, tumor heterogeneity may have previously
existed, and sampling by core needle biopsy before NAC



Breast Cancer Research and Treatment (2019) 178:497-504

503

may not have been entirely representative of the character
of the tumor [29]. The role of anti-HER2 can also have a
significant impact on HER2 expression [9, 11]. However,
due to limited information from previous studies, we could
not investigate the effect of anti-HER?2 treatment on HER2
status in NAC. In addition, referring to the previous work
of Juo et al. [30], we subjectively defined DFS by including
the data from recurrence-free survival (RFS). This aim was
to include the maximal number of relevant clinical studies.
Last but not the least, since pathological assay methods and
receptor cut-off values were different in enrolled studies,
results, and conclusions of our meta-analysis should be used
cautiously.

Conclusion

Our data strongly support the need for redetection of HR and
HER?2 status of surgical sample following neoadjuvant ther-
apy. Changes in HR status induced by NAC can be used as a
prognostic factor in patients for both OS and DFS. Further,
HER?2 change may also be valuable for predicting prognosis.
Further research is necessary to explore therapeutic strate-
gies for patients in the status conversion subgroup.

Acknowledgements This study was supported by grants from the
National Key R&D Program of China No. 2016 YFC0904900, National
Natural Science Foundation (No. 81673509 and No. 81573504) of PR
China, Beijing Municipal Natural Science Foundation (No. 7171012)
and National Science and Technology Major Projects for “Major New
Drugs Innovation and Development” (No. 2017ZX09304028 and No.
2017Z2X09101001).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Informed consent Not applicable- this article does not contain any
studies with human participants performed by any of authors.

References

1. Fisher B, Bryant J, Wolmark N et al (1998) Effect of preoperative
chemotherapy on the outcome of women with operable breast
cancer. J Clin Oncol Off ] Am Soc Clin Oncol 16(8):2672-2685

2. Mauri D, Pavlidis N, Ioannidis JPA (2005) Neoadjuvant versus
adjuvant systemic treatment in breast cancer: a meta-analysis.
Breast Dis A Year Book Q 97(3):188-194

3. Von MG, Untch M, Blohmer JU et al (2012) Definition and impact
of pathologic complete response on prognosis after neoadjuvant
chemotherapy in various intrinsic breast cancer subtypes. J Clin
Oncol Off J] Am Soc Clin Oncol 30(30):1796-1804

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kong X, Moran MS, Zhang N et al (2011) Meta-analysis con-
firms achieving pathological complete response after neoad-
juvant chemotherapy predicts favourable prognosis for breast
cancer patients. Eur J Cancer 47(14):2084-2090

Houssami N, Macaskill P, Minckwitz GV et al (2012) Meta-
analysis of the association of breast cancer subtype and patho-
logic complete response to neoadjuvant chemotherapy. Eur J
Cancer 48(18):3342-3354

Morris DM, Edwards J, Gelder F (1991) Hormonal receptors in
locally advanced breast cancer: change with response to neoad-
juvant chemotherapy? J Surg Oncol 46(3):156-158

Hirata T, Shimizu C, Yonemori K et al (2009) Change in the
hormone receptor status following administration of neo-
adjuvant chemotherapy and its impact on the long-term out-
come in patients with primary breast cancer. Br J Cancer
101(9):1529-1536

Neubauer H, Gall C, Vogel U et al (2008) Changes in tumour
biological markers during primary systemic chemotherapy (PST).
Anticancer Res 28(3B):1797

Ven SVD, Smit VTHBM, Dekker TJA et al (2011) Discordances
in ER, PR and HER?2 receptors after neoadjuvant chemotherapy
in breast cancer. Cancer Treat Rev 37(6):422-430

Zhang N, Moran MS, Huo Q et al (2011) The hormonal receptor
status in breast cancer can be altered by neoadjuvant chemother-
apy: a meta-analysis. Cancer Invest 29(9):594

Niikura N, Liu J, Hayashi N et al (2011) Loss of human epidermal
growth factor receptor 2 (HER2) expression in metastatic sites
of HER2-overexpressing primary breast tumors. J Clin Oncol
30(6):593-599

Jin X, Jiang YZ, Chen S et al (2015) Prognostic value of recep-
tor conversion after neoadjuvant chemotherapy in breast can-
cer patients: a prospective observational study. Oncotarget
6(11):9600-9611

Tacca O, Penault-Llorca F, Abrial C et al (2007) Changes in and
prognostic value of hormone receptor status in a series of operable
breast cancer patients treated with neoadjuvant chemotherapy.
Oncologist 12(6):636—-643

Wang RX, Chen S, Jin X et al (2016) Weekly paclitaxel plus car-
boplatin with or without trastuzumab as neoadjuvant chemother-
apy for HER2-positive breast cancer: loss of HER2 amplification
and its impact on response and prognosis. Breast Cancer Res Treat
161:1-9

Guarneri V, Dieci MV, Barbieri E et al (2013) Loss of HER?2 posi-
tivity and prognosis after neoadjuvant therapy in HER2-positive
breast cancer patients. Ann Oncol 24(12):2990-2994

Stroup DF, Berlin JA, Morton SC et al (2008) Meta-analysis of
observational studies in epidemiology: a proposal for reporting. J
Am Med Assoc 283(15):2008-2012

Tierney JF, Stewart LA, Ghersi D et al (2007) Practical methods
for incorporating summary time-to-event data into meta-analysis.
Trials 8(1):16

Tan QX, Qin QH, Yang WP et al (2014) Prognostic value of hor-
mone receptor status conversion following neoadjuvant chemo-
therapy in a series of operable breast cancer patients. Int J Clin
Exp Pathol 7(7):4

Lim SK, Lee MH, Park IH et al (2015) Impact of molecular sub-
type conversion of breast cancers after neoadjuvant chemotherapy
on clinical outcome. Cancer Res Treat 48(1):133-141

Niikura N, Tomotaki A, Miyata H et al (2015) Changes in tumor
expression of HER2 and hormone receptors status after neoadju-
vant chemotherapy in 21 755 patients from the, Japanese breast
cancer registry. Ann Oncol Off J Eur Soc Med Oncol 27(3):480
Mittendorf EA, Wu Y, Scaltriti M et al (2009) Loss of HER2
amplification following trastuzumab-based neoadjuvant
systemic therapy and survival outcomes. Clin Cancer Res
15(23):7381-7388

@ Springer



504

Breast Cancer Research and Treatment (2019) 178:497-504

22.

23.

24.

25.

26.

Yoshida A, Hayashi N, Suzuki K et al (2017) Change in HER2
status after neoadjuvant chemotherapy and the prognostic
impact in patients with primary breast cancer. Surg Oncol
116(8):1021-1028

Wolff AC, Hammond MEH, Hicks DG et al (2013) Recommen-
dations for human epidermal growth factor receptor 2 testing in
breast cancer: American Society of Clinical Oncology/College of
American Pathologists clinical practice guideline update. J Clin
Oncol 31(31):3997-4013

WuJY, Chen WG, Chen XS et al (2014) Long-term outcomes fol-
lowing adjuvant endocrine therapy in breast cancer patients with a
positive-to-negative change of hormone receptor status following
neoadjuvant chemotherapy. Mol Clin Oncol 2(6):997-1002
Lower EE, Khan S, Kennedy D et al (2017) Discordance of the
estrogen receptor and HER-2/neu in breast cancer from primary
lesion to first and second metastatic site. Breast Cancer Targets
Therapy 9:515-520

Lindstrom LS, Karlsson E, Wilking UM et al (2012) Clinically
used breast cancer markers such as estrogen receptor, progester-
one receptor, and human epidermal growth factor receptor 2 are
unstable throughout tumor progression. J Clin Oncol Off J] Am
Soc Clin Oncol 30(21):2601-2608

@ Springer

27.

28.

29.

30.

Zardavas D, Irrthum A, Swanton C et al (2015) Clinical man-
agement of breast cancer heterogeneity. Nat Rev Clin Oncol
12(7):381-394

Liedtke C, Broglio K, Moulder S et al (2009) Prognostic impact
of discordance between triple-receptor measurements in primary
and recurrent breast cancer. Ann Oncol 20:1953-1958

Sidoni A, Scheibel M, Bellezza G (2005) Biopathologic profile
of breast cancer core biopsy: is it always a valid method? Cancer
Lett 218(1):117-121

Juo YY, Johnston FM, Zhang DY et al (2014) Prognostic value
of CpG island methylator phenotype among colorectal cancer
patients: a systematic review and meta-analysis. Ann Oncol Off J
Eur Soc Med Oncol 25(12):2314-2327

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Prognostic value of receptor status conversion following neoadjuvant chemotherapy in breast cancer patients: a systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Search strategy
	Quality assessment
	Statistical analysis
	Search result
	Study characteristics
	Meta-analysis
	Prognostic value of HR status conversion for patients with HR+ → − and patients with HR+ → +
	Prognostic value of HR status conversion for patients with HR− → + and patients with HR− → −
	Prognostic value of HER2 status conversion for patients with HER2+ → − and patients with HER2+ → +
	Prognostic value of HER2 status conversion for patients with HER2− → + and patients with HER2− → −
	Sensitivity analysis
	Risk of publication bias in studies

	Discussion
	Limitations
	Conclusion
	Acknowledgements 
	References




