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Purpose
The aim of this study was to examine molecular subtype conversions in patients who 
underwent neoadjuvant chemotherapy (NAC) and analyze their clinical implications.

Materials and Methods
We included consecutive breast cancer patients who received NAC at the National Cancer
Center, Korea, between August 2002 and June 2011, and had available data on estrogen
receptor (ER), progesterone receptor (PR), and human epidermal growth factor 2 (HER2)
receptor status prior to NAC. Molecular subtypes, hormone receptor (HR) status, and ER
and PR Allred scores before and after NAC were compared, and the long-term outcomes
were analyzed.

Results
Of 322 patients, 32 (9.9%) achieved a pathologic complete response after NAC.
HR+/HER2– tumors tended to convert into triple negative (TN) tumors (10.3%), whereas
34.6% of TN tumors gained HR positivity to become HR+/HER2– tumors. Clinical outcomes
of molecular subtype conversion groups were compared against patients who remained as
HR+/HER2– throughout. The HR+/HER2– to TN group had significantly poorer recurrence-
free survival (RFS) (hazard ratio, 3.54; 95% confidence interval [CI], 1.60 to 7.85) and overall
survival (OS) (hazard ratio, 3.73; 95% CI, 1.34 to 10.38). Patients who remained TN through-
out had the worst outcomes (for RFS: hazard ratio, 3.70; 95% CI, 1.86 to 7.36; for OS: haz-
ard ratio, 5.85; 95% CI, 2.53 to 13.51), while those who converted from TN to HR+/HER2–
showed improved comparable survival outcomes.

Conclusion
Molecular subtypes of breast cancers changed frequently after NAC, resulting in different
tumor prognostication. Tumor subtyping should be repeated after NAC in patients with
breast cancer.
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Introduction

Neoadjuvant chemotherapy (NAC) is widely accepted as
the standard of care for locally advanced breast cancer. Stud-
ies have confirmed that NAC can be used to downsize oper-

able breast tumors, both to increase the rate of breast conser-
vation in patients eligible for mastectomy and to achieve bet-
ter cosmetic results after breast conserving surgery, without
compromising long-term outcomes of breast cancer treat-
ment [1-3]. Accordingly, the rate of NAC use has shown a
considerable increase. However, there is concern that hor-
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mone receptor (HR) and human epidermal growth receptor
2 (HER2) receptor status can be altered by NAC [4,5]. While
some studies reported no change, others have demonstrated
changes in estrogen receptor (ER), progesterone receptor
(PR), and HER2 receptor status, as described in a recent 
review by van de Ven et al. [5]. Switching to a positive HR
status after NAC was also reported to indicate a better prog-
nostic outcome [6,7].

ER, PR, and HER2 status are well-established prognostic
and predictive biomarkers. Patients with a positive HR status
have better long-term outcomes whereas those with a posi-
tive HER2 status have a poorer prognosis. Endocrine therapy
significantly improves the prognosis of patients with HR 
expression, and prolonged duration of endocrine therapy is
now reported to show benefit [8]. Similarly, anti-HER2 
targeted therapy in HER2 positive patients significantly 
improves the long-term outcomes of patients with a HER2
positive status [9]. Tumor responses to chemotherapy also
differ according to the expression of these biomarkers, and
these responses, in turn, are predictive of recurrence-free 
survival (RFS) and overall survival (OS) [10]. Therefore, 
decisions regarding both neoadjuvant and adjuvant therapy
and the regimens employed are heavily dependent on the
HR and HER2 status of the tumor. 

Genomic expression profiling of breast cancers brought
about a new classification for breast cancers, with the most
common subtypes being luminal A and B, HER2 and basal-
like types. This classification enables better prognostication,
and may further refine the choice of therapy for individual
patients [11]. Although genomic profiling is still not per-
formed routinely for each patient, due to its high cost and
the need for technical expertise, immunohistochemical (IHC)
analyses of protein biomarkers can be used to determine the
approximate molecular category [12-14]. Onitilo et al. [14] 
reported that molecular subtype classification according to
ER, PR, and HER2 status provided useful prognostic and
therapeutic information on the four major molecular sub-
types (luminal A, luminal B, HER2, and basal-like/triple neg-
ative [TN]). 

The aim of this study was to examine the changes in IHC-
based molecular subtype in patients who underwent NAC
at our institution. We also analyzed the patients according
to their HR status and changes in their ER and PR Allred
scores, and examined the impact of these changes on long-
term outcomes.

Materials and Methods

1. Patients

We retrospectively reviewed our database for records of
consecutive patients who underwent NAC at National 
Cancer Center, Korea, between August 2002 and June 2011. 

Diagnostic core biopsies were performed before NAC in
all patients. Patients for whom data on HR and HER2 status
were available were included in the analysis. Those with
metastatic disease at diagnosis, bilateral breast cancers, and
those who had received any previous treatment for breast
cancer were excluded. 

2. HR and HER2 status determination and molecular sub-
type grouping

Paraffin sections of the tumors were subjected to IHC
analyses to determine the ER, PR, and HER2 status. ER 
expression was assessed using the antibody clones 6F11 or
SP1, while PR expression was examined using the antibody
clones 1A6 or 1E2 (Ventana Medical Systems, Tucson, AZ).
Reactivity of more than 1% was defined as positive for both
receptors. ER and PR expression were also quantified using
the Allred scoring system. Patients with ER and/or PR 
positivity were classified as HR positive.

The HER2 status was determined using rabbit polyclonal
antibodies (Dako, Glostrup, Denmark). HER2 overexpres-
sion was defined as membrane staining of 3+ (HER2+), while
1+ and 0 were defined as HER2 negative (HER2–). Fluores-
cent in situ hybridization (FISH) was performed when the
HER2 IHC scores were equivocal (2+), and also when the
physician in charge wanted to confirm the IHC results. FISH
was performed using the PathVysion Kit (Abbott/Vysis Lab-
oratories, Abbott Park, IL), and HER2 gene amplification was
defined as HER2:chromosome 17 ratio of ! 2.2. Whenever
FISH tests results were available, they took precedence over
the IHC results. Tumors without FISH testing despite an
equivocal IHC score were excluded from this study. 

Using the above receptors’ status, patients were divided
into four molecular subtype groups for analyses: (1) HR+ and
HER2–, (2) HR+ and HER2+, (3) HR– and HER2+, and (4)
HR– and HER2– or TN.

3. Treatments

As many of the patients were also participants in various
clinical trials of NAC that were being conducted at the 
National Cancer Centre, Korea, during this period, the NAC
regimens were not uniform for all patients [15,16]. The regi-
mens included four cycles of doxorubicin and cyclophos-
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phamide, four cycles of doxorubicin and cyclophosphamide
followed by four cycles of either docetaxel or paclitaxel, six
cycles of doxorubicin and docetaxel, four cycles of paclitaxel
and gemcitabine, and six cycles of paclitaxel, gemcitabine,
and trastuzumab or lapatinib. Anti-HER2 therapy containing
NAC was not yet approved for use by the national health 
insurance scheme during our study period, and only 29 
patients received anti-HER2 containing NAC therapy,
mostly under the protocols of clinical trials [17,18]. Anti-
HER2 therapy consisted of trastuzumab or lapatinib [19] for
a total duration of 1 year, irrespective of whether it was 
administered as neoadjuvant or adjuvant therapy. All 
patients who underwent conservative breast surgery and 
patients with clinical tumor sizes ! 5 cm and/or clinical N2
and N3 disease were offered adjuvant radiation therapy. 
Adjuvant endocrine therapy was also offered to all patients
with HR positive tumors at the discretion of the physician in
charge.

4. Statistical analysis

All statistical analyses were performed using STATA ver.
10 (StataCorp LP, College Station, TX). Differences in cate-
gorical variables were analyzed using chi-square test, and
differences in continuous variables were evaluated using
analysis of variance. A pathological complete response (pCR)
was defined as the absence of any invasive or in-situ tumor
on pathological examination, both in the primary breast and
in the lymph nodes. This definition was in accordance with
the international expert panel recommendations published
by Kaufmann et al. [20]. RFS was defined as the time from
the date of diagnosis to the date of local or distant recurrence.
OS was defined as the time from the date of diagnosis to
death from any cause, or to the date of the last follow-up for
living patients. RFS and OS curves were plotted using the
Kaplan-Meier method, and compared using the log-rank test.
Multivariate Cox regression analysis was used to estimate
the hazard ratio, the 95% confidence interval (CI), and the 

Table 1. Patient and tumor characteristics according to molecular subtype at diagnosis

Characteristic HR+/HER2– HR+/HER2+ HR–/HER2+ TN p-value
Histologic type (n=317)a)

Invasive ductal carcinoma 157 (95.2) 64 (100) 35 (100) 53 (100) 0.056
Invasive lobular carcinoma 8 (4.8) 0 ( 0 ( 0 (

Age (yr) (n=322)a)

< 45 79 (47.3) 29 (44.6) 9 (25.7) 23 (41.8) 0.134
! 45 88 (52.7) 36 (55.4) 26 (74.3) 32 (58.2)

Clinical stage (n=328)a)

Stage II 44 (27.3) 17 (27.0) 5 (14.3) 10 (19.2) 0.300
Stage III 117 (72.7) 46 (73.0) 30 (85.7) 42 (80.8)

Grade of tumor (n=293)a)

Grade 1 or 2 93 (62.4) 32 (51.6) 9 (27.3) 14 (28.6) < 0.001
Grade 3 56 (37.6) 30 (48.4) 24 (72.7) 35 (71.4)

Ki-67 (%)b) (n=283)a)

< 15 107 (70.4) 35 (62.5) 10 (40.0) 16 (32.0) < 0.001
! 15 45 (29.6) 21 (37.5) 15 (60.0) 34 (68.0)

Lymphatic invasionb) (n=279)a)

Yes 132 (86.8) 47 (92.2) 21 (80.8) 46 (92.0) 0.376
No 20 (13.2) 4 (7.8) 5 (19.2) 4 (8.0)

Vascular invasionb) (n=271)a)

Yes 4 (2.7) 2 (4.0) 0 3 (6.4) 0.473
No 144 (97.3) 48 (96.0) 26 (100) 44 (93.6)

Response to NACc) (n=310)a)

Yes 102 (63.4) 44 (71.0) 31 (88.6) 30 (57.7) 0.013
No 59 (36.6) 18 (29.0) 4 (11.4) 22 (42.3)

Values are presented as number (%). HR, hormone receptor; HER2, human epidermal growth factor 2; TN, triple negative;
NAC, neoadjuvant chemotherapy. a)n is the number of patients in each analysis after omission of patients with missing data,
b)Ki-67, lymphatic invasion, and vascular invasion were recorded from the surgical specimen (after NAC), c)Response to NAC:
decrease in pathological stage of surgical specimen (after NAC) compared to clinical stage.
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effects of the clinical and pathological variables. A two-sided
p-value of < 0.05 was considered statistically significant.

5. Ethics

This study was reviewed and approved by the Institu-
tional Review Board of National Cancer Center, Korea.

Results

1. Patient characteristics

Of 4,460 patients who underwent surgery for invasive
breast cancer at our institution during the study period, 449
consecutive patients received NAC. Of these patients, 322
had available data on their HR and HER2 status, both from
diagnostic core biopsy specimen analysis prior to NAC and
the surgical specimen after NAC. The median patient age
was 46.0 years (range, 26.0 to 76.0 years), and the median 
follow-up period was 63.0 months (range, 5.0 to 110.0
months). Clinically, 24.4% of the tumors were stage II and
75.6% were stage III. In IHC analysis before NAC, 61.2% of

the tumors were ER positive (ER+) and 61.8% of the tumors
were PR positive (PR+). In total, 242 tumors (71.2%) were
HR+ at diagnosis. There were 100 HER2+ tumors (31.1%),
and 55 TN tumors (17.1%). 

A pCR was achieved in 32 patients (9.9%); 6.6% in the
HR+/HER2– group, 13.8% in the HR+/HER2+ group, 25.7%
in the HR–/HER2+ group, and 5.5% in the TN group. These
patients were excluded in further analysis.

2. Changes in molecular subtypes after NAC

Of the 332 tumors, 167 (51.9%) were HR+/HER2–, 65
(20.2%) were HR+/HER2+, 35 (10.9%) were HR–/HER2+,
and 55 (17.1%) were TN. The patient and tumor characteris-
tics according to the 4 molecular subtypes are shown in 
Table 1. Subtype changes occurred in 23.1% of tumors treated 
with NAC (Table 2). HR+/HER2– tumors tended to lose
their HR expression (10.3%) to become TN, and TN tumors,
in contrast, frequently gained HR expression to become
HR+/HER2– (34.6%). In addition, HR+/HER2+ tumors
showed a higher tendency to lose their HER2 positivity
(21.4%) than their HR positivity (10.7%). HR–/HER2+ 
tumors gained HR positivity to form HR+/HER2+ tumors
(38.5%) more often than they lost HER2 overexpression to
become TN tumors.

Table 2. Change in the molecular subtypes, hormone receptor and HER2 status after NAC

Before NAC After NAC
p-value  

(n=290) HR+/HER2– HR+/HER2+ HR–/HER2+ TN HR+ HR– HER2+ HER2–
HR+/HER2– 140 (89.7) 0 ( 0 ( 16 (10.3) - - - - < 0.001
HR+/HER2+ 12 (21.4) 37 (66.1) 6 (10.7) 1 (1.8) - - - -
HR–/HER2+ 1 (3.8) 10 (38.5) 12 (46.2) 3 (11.5) - - - -
TN 18 (34.6) 0 ( 0 ( 34 (65.4) - - - -
HR+ - - - - 189 (89.2) 23 (10.8) - - < 0.001
HR– - - - - 29 (37.2) 49 (62.8) - -
HER2+ - - - - - - 65 (79.3) 17 (20.7) < 0.001
HER2– - - - - - - 0 ( 208 (100)

Values are presented as number (%). HER2, human epidermal growth factor 2; NAC, neoadjuvant chemotherapy; HR, hor-
mone receptor;  TN, triple negative.

Table 3. Change in estrogen receptor and progesterone receptor Allred scores after neoadjuvant chemotherapy

Change (n=290) Decrease in score No change Increase in score 
ER Allred score change 69 (23.8) 172 (59.3) 49 (16.9)
PR Allred score change 113 (39.0) 110 (37.9) 67 (23.1)

Values are presented as number (%). ER, estrogen receptor; PR, progesterone receptor.
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3. Changes in the HR status, HER2 status, ER and PR Allred
scores after NAC

In total, 52 tumors (17.9%) underwent HR status conver-
sions, and 17 tumors (5.9%) showed changes in HER2 status.
Regarding the HR status, the change from HR– to HR+ was
significantly more frequent than the change from HR+ to

HR– (37.2% vs. 10.8%; p < 0.001). While no tumors of the
HER2– phenotype changed to HER2+ after NAC, 20.7% of
HER2+ tumors became HER2– tumors (Table 2). ER Allred
scores showed more stability than PR Allred scores, with PR
Allred scores showing a tendency to decrease after NAC
(Table 3).
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Fig. 1. Kaplan-Meier plots of recurrence free survival and overall survival for HR+/HER– tumors which remained 
unchanged vs. those which turned to TN (A) and HR status changes (B). HR, hormone receptor; HER2, human epidermal
growth factor 2; TN, triple negative.



4. Molecular subtype conversions and clinical outcomes

The 5-year RFS rates of the HR+/HER2–, HR+/HER2+,
HR–/HER2+, and TN groups at diagnosis were 76%, 84%,
85%, and 48% respectively, and the 5-year OS rates for these
groups were 86%, 85%, 85%, and 59% respectively. These 
differences were statistically significant (p < 0.001). 

The RFS and OS of patients with the more common molec-
ular subtype conversions were analyzed. Compared to 
patients who maintained a molecular subtype of HR+/
HER2– tumors before and after NAC, those who underwent
conversion from HR+/HER2– to the TN type showed signif-
icantly worse prognosis (Fig. 1). In multivariate analysis with
covariates of tumor grade, clinical stage, Ki-67 after NAC and
response to NAC, this change continued to demonstrate a
significantly worse outcome in terms of both RFS (hazard
ratio, 3.54; 95% CI, 1.60 to 7.85) and OS (hazard ratio, 3.73;

95% CI, 1.34 to 10.38). In contrast to the TN to TN group, 
patients who converted from TN to HR+/HER2– showed
better RFS and OS, which was not significantly different from
that of the HR+/HER2– group (Tables 4 and 5). 

5. HR status conversions, ER and PR Allred score changes
and clinical outcomes

Changes in HR status after NAC were classified as: HR+
to HR+, HR+ to HR–, HR– to HR–, and HR– to HR+. RFS and
OS differed significantly among the four groups (p < 0.001)
(Fig. 1). In multivariate analysis with covariates of tumor
grade, clinical stage, Ki-67 after NAC and response to NAC,
designating the HR+ to HR+ group as reference, patients
who converted from HR+ to HR– status had significantly
worse RFS (hazard ratio, 2.38; 95% CI, 1.17 to 4.84) and OS
(hazard ratio, 2.66; 95% CI, 1.11 to 6.39). Patients who had
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Table 4. Analysis of recurrence-free survival with clinical characteristics and molecular subtype changes

Factor
Univariate Multivariatea)

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value
Age (yr)
< 45 1 ( 0.678 - -
! 45 0.92 (0.64-1.34) -

Clinical stage
Stage II 1 ( 0.003 1 ( 0.001
Stage III 2.23 (1.32-3.76) 2.93 (1.54-5.58)

Grade 
Grade 1 or 2 1 ( 0.035 1 ( 0.889
Grade 3 1.52 (1.03-2.25) 1.04 (0.63-1.72)

Ki-67 (%)b)

< 15 1 ( 0.002 1 ( 0.030
! 15 1.85 (1.26-2.73) 1.70 (1.05-2.74)

Response to NACc)

Yes 1 ( 0.011 1 ( 0.016
No 1.65 (1.12-2.42) 1.71 (1.11-2.63)

Molecular subtype conversions
HR+/HER2– to HR+/HER2– 1 ( 1 (
HR+/HER2– to TN 3.62 (1.84-7.10) 0.001 3.54 (1.60-7.85) 0.002
HR+/HER2+ to HR+/HER2+ 0.97 (0.52-1.82) 0.924 0.94 (0.49-1.82) 0.862
HR+/HER2+ to HR+/HER2– 0.73 (0.23-2.38) 0.604 0.62 (0.15-2.65) 0.521
HR–/HER2+ to HR–/HER2+ 1.16 (0.45-2.96) 0.758 1.06 (0.35-3.22) 0.921
HR–/HER2+ to HR+/HER2+ 1.24 (0.44-3.48) 0.683 1.06 (0.36-3.11) 0.921
TN to TN 3.28 (1.89-5.70) < 0.001 3.70 (1.86-7.36) 0.001
TN to HR+/HER2– 2.25 (1.09-4.67) 0.029 1.59 (0.63-4.02) 0.324

CI, confidence interval; NAC, neoadjuvant chemotherapy; HR, hormone receptor; HER2, human epidermal growth factor 2;
TN, triple negative. a)Multivariate analysis was performed with covariates of clinical stage, grade, Ki-67 and response to NAC,
b)Ki-67 was recorded from the surgical specimen (after NAC), c)Response to NAC: decrease in pathological stage of surgical
specimen (after NAC) compared to clinical stage.
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HR– to HR+ conversions appeared to have better RFS (haz-
ard ratio, 1.32; 95% CI, 0.64 to 2.74) and OS (hazard ratio,
1.64; 95% CI, 0.23 to 4.30) than those who remained HR– (for
RFS: hazard ratio, 2.01; 95% CI, 1.10 to 3.69; for OS: hazard
ratio, 3.68; 95% CI, 1.80 to 7.49). RFS and OS did not differ
significantly with changes in the HER2 status or ER and PR
Allred score after NAC (data not shown).

Discussion

We found that breast tumors underwent frequent molec-
ular subtype conversions after NAC. The rate of change in
HR status noted in our study (17.9%) is in agreement with
the rates reported by Tacca et al. [6] and Hirata et al. [7] (16%

and 23%, respectively). In addition, HER2 status tended to
change less frequently than the HR status in response to
NAC, as reported in other studies [5,7].

According to our results, changes in the molecular sub-
types of tumors after NAC could alter the patient prognosis.
In our study, HR+/HER2– patients who converted to TN
had a significantly shorter RFS and OS than those who 
remained as HR+/HER2–, and both RFS and OS of those
who converted from TN to HR+/HER2– improved com-
pared to those who remained as TN. Although all patients
with HR+ status were treated with endocrine therapy, the
outcomes of patients who converted from HR+ to HR– status
were also worse than those who remained HR positive. 
In agreement with our findings, Tacca et al. [6] found that
patients with a change from HR– tumors to HR+ tumors after
NAC had better disease-free survival (DFS) and OS than
those in whom the status of HR– tumors did not change. In

Table 5. Analysis of overall survival with clinical characteristics and molecular subtype changes

Factor
Univariate Multivariatea)

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value
Age (yr)
< 45 1 ( 0.543 - -
! 45 0.86 (0.54-1.38) -

Clinical stage
Stage II 1 ( 0.001 1 ( 0.004
Stage III 5.45 (1.98-15.02) 5.72 (1.74-18.81)

Grade 
Grade 1 or 2 1 ( 0.012 1 ( 0.702
Grade 3 2.04 (1.17-3.55) 1.13 (0.60-2.13)

Ki-67 (%)b)

< 15 1 ( < 0.001 1 ( 0.066
! 15 3.01 (1.78-5.11) 1.86 (0.96-3.60)

Response to NACc)

Yes 1 ( 0.012 1 ( 0.013
No 1.91 (1.15-3.15) 2.06 (1.17-3.65)

Molecular subtype conversions
HR+/HER2– to HR+/HER2– 1 ( 1 (
HR+/HER2– to TN 4.02 (1.65-9.79) 0.002 3.73 (1.34-10.38) 0.012
HR+/HER2+ to HR+/HER2+ 1.07 (0.39-2.92) 0.897 1.20 (0.42-3.38) 0.737
HR+/HER2+ to HR+/HER2– 1.28 (0.29-5.55) 0.746 1.02 (0.13-8.00) 0.984
HR–/HER2+ to HR–/HER2+ 2.75 (0.92-8.22) 0.071 2.50 (0.77-8.18) 0.129
HR–/HER2+ to HR+/HER2+ 0.77 (0.10-5.79) 0.797 0.70 (0.09-5.52) 0.736
TN to TN 6.30 (3.17-12.50) < 0.001 5.85 (2.53-13.51) < 0.001
TN to HR+/HER2– 3.22 (1.26-8.22) 0.015 2.74 (0.92-8.19) 0.071

CI, confidence interval; NAC, neoadjuvant chemotherapy; HR, hormone receptor; HER2, human epidermal growth factor 2;
TN, triple negative. a)Multivariate analysis was performed with covariates of clinical stage, grade, Ki-67 and response to NAC,
b)Ki-67 was recorded from the surgical specimen (after NAC), c)Response to NAC: decrease in pathological stage of surgical
specimen (after NAC) compared to clinical stage.
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Conclusion

Molecular subtypes of breast cancers changed frequently
after NAC and these changes showed correlation with long-
term prognosis. Thus, molecular subtypes should be 
reassessed routinely after NAC using surgical specimens.
Understanding the patterns of change in each molecular 
subtype could provide important predictive and prognostic
information, as breast cancer management becomes more 
individualized.
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