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ORIGINAL ARTICLE
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ABSTRACT
Aim: To investigate the pathological complete response (pCR) achieved after neoadjuvant therapy
with versus without adding pertuzumab (P) to trastuzumab (H) plus neoadjuvant chemotherapy (NCT)
in HER2þ breast cancer (BC) patients in a real-life setting.
Methods: A total of 1528 female HER2þ BC patients who received NCT plus H with or without P were
included in this retrospective real-life study. Primary endpoint was pCR rate (ypT0/Tis ypN0).
Clinicopathological characteristics, event-free survival (EFS) time, and relapse rates were evaluated with
respect to HER2 blockade (NCT-H vs. NCT-HP) and pCR.
Results: Overall, 62.2% of patients received NCT-H and 37.8% received NCT-HP. NCT-HP was associated
with a significantly higher pCR rate (66.4 vs. 56.8%, p< 0.001) and lower relapse (4.5 vs. 12.2%,
p< 0.001) in comparison to NCT-H. Patients with pCR had a significantly lower relapse (5.6 vs. 14.9%,
p< 0.001) and longer EFS time (mean(SE) 111.2(1.9) vs. 93.9(2.7) months, p< 0.001) compared to
patients with non-pCR. Patients in the NCT-HP group were more likely to receive docetaxel (75.0 vs.
40.6%, p< 0.001), while those with pCR were more likely to receive paclitaxel (50.2 vs. 40.7%,
p< 0.001) and NCT-HP (41.5 vs. 32.1%, p< 0.001). Hormone receptor status and breast conservation
rates were similar in NCT-HP vs. NCT-H groups and in patients with vs. without pCR. Invasive ductal
carcinoma (OR, 2.669, 95% CI 1.596 to 4.464, p< 0.001), lower histological grade of the tumor (OR,
4.052, 95% CI 2.446 to 6.713, p< 0.001 for grade 2 and OR, 3.496, 95% CI 2.020 to 6.053, p< 0.001 for
grade 3), lower T stage (OR, 1.959, 95% CI 1.411 to 2.720, p< 0.001) and paclitaxel (vs. docetaxel, OR,
1.571, 95% CI 1.127 to 2.190, p¼ 0.008) significantly predicted the pCR.
Conclusions: This real-life study indicates that adding P to NCT-H enables higher pCR than NCT-H in
HER2þ BC, while pCR was associated with lower relapse and better EFS time.
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Introduction

In patients with human epidermal growth factor receptor-2
(HER2) with early breast cancer (BC), neoadjuvant therapy is
used to downstage tumors, increase breast conservation
rates, and more importantly assess response to treatment
which ultimately provides important prognostic information
regarding the risk of recurrence and guides future adjuvant
treatment strategies [1,2]. Pathological complete response
(pCR), defined as the absence of residual invasive cancer in

the breast and axilla (ypT0/is, ypN0) at surgery after neoadju-

vant treatment [3,4], is considered a reliable surrogate

marker of long-term clinical outcome and survival in HER2þ
BC patients [2,4–7].

Accordingly, use of dual HER2 blockade with pertuzumab

(P) and trastuzumab (H) plus chemotherapy has become a

mainstay of neoadjuvant therapy in HER2-positive early or

locally-advanced BC patients, based on the pCR benefit,
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reducing the risk of recurrence and mortality demonstrated
primarily in the clinical trial setting [2,7–12].

However, despite the well-recognized differences between
real-life evidence and randomized clinical trials, limited data
are available regarding the pCR rate achieved after neoadju-
vant dual HER2 blockade (P and H) in combination with
chemotherapy in early HER2-positive BC patients in real-life,
routine practice [2,6,7,13,14].

This multicenter, nationwide, real-life HER2PATH study
aimed to investigate the pCR rate following neoadjuvant
therapy with versus without adding P to H plus chemother-
apy in HER2þ BC patients and to evaluate clinicopathological
characteristics and clinical outcomes in subgroups of HER2
blockade (with vs. without pertuzumab).

Materials and methods

Study population

A total of 1528 female HER2þ BC patients who received neo-
adjuvant chemotherapy (NCT) plus H with or without P were
included in this nationwide retrospective cohort study
(ClinicalTrials.gov Identifier: NCT04765124) conducted at 21
tertiary care referral centers in Turkey, between 2015 and
2021. Data collection was completed between April 2021
and December 2021.

HER2 status was determined by immunohistochemical
(IHC) staining. Tumors having a score of 3 (þ) were consid-
ered as HER2-positive. Tumors scoring 2 (þ) for HER2 expres-
sion were subsequently analyzed by fluorescence in situ
hybridization (FISH) and were considered as HER2-positive if
HER2 amplification was present in FISH. HER2 FISH positive
result was defined as HER2/CEP17 ratio �2.0 or average
HER2 copy number �6.0 signals per cell. Estrogen (ER) and
progesterone receptor (PR) nuclear staining � 1% was
accepted as ER and/or PR-positive by IHC evaluation accord-
ing to the ASCO/CAP guidelines. Baseline ER, PR, and HER2
status were based on core biopsies at the diagnosis.

Pertuzumab was started to be used in Turkey after March
2019, at least the first 25 patients who used pertuzumab
after March 2019 from 21 participating centers and the 50
most recent patients who did not use pertuzumab and com-
pleted NCT were included. Thereafter, patients were divided
into two groups based on the type of HER2 blockade includ-
ing NCT-H (taxane plus trastuzumab, n¼ 951) and NCT-HP
(taxane plus trastuzumab with pertuzumab, n¼ 577) groups.
Female patients aged �18 years who had been diagnosed
with histologically confirmed HER2þ BC and treated with H
plus taxane with or without P as neoadjuvant therapy and
underwent breast surgery at the participating centers were
included in the study. The study was conducted in accord-
ance with the ethical principles stated in the ‘Declaration of
Helsinki’ and approved by the Istanbul Medipol University
Non-Interventional Clinical Research Ethics Committee (Date
of Approval: 25/05/2021; Reference number/Protocol No:
488/ML42876).

Data collection

Data on diagnosis age, menopausal status, initial ECOG per-
formance status (PS), tumor pathology (histological subtype,
TNM stage, histological grade, lymphovascular invasion, and
perineural invasion), hormone receptor (HR) status, Ki67, con-
comitant chemotherapy, surgery, pCR rate and oncological
outcome (EFS time and relapse rate) were recorded. The pCR
rate (ypT0/Tis ypN0) was the primary endpoint.
Demographic, clinicopathological characteristics, clinical out-
comes, and pCR rates (yes vs no) were evaluated with
respect to HER2 blockade (NCT-H vs. NCT-HP). Multivariate
logistic regression analysis was also performed to identify
the factors predicting pCR.

Safety data were retrospectively collected from patients
charts in all patients who had received at least one dose of
the NCT plus H with or without P. Adverse events (AEs) were
categorized according to National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE) (ver-
sion 4.0).

Treatment protocols

Patients received dose-dense (dd) doxorubicin and cyclo-
phosphamide (AC) (60/600mg/m2) every 2weeks with gran-
ulocyte colony-stimulating factor support or AC every
3weeks for 4 cycles, FEC (fluorouracil 600mg/m2, epirubicin
90mg/m2/mg and C 600mg/m2) or FAC protocol (luorouracil
500mg/m2, doxorubicin 50mg/m2/mg and C 500mg/m2)
every 3weeks for 3–4 cycles, followed by weekly paclitaxel
(80mg/m2) for 12weeks, or docetaxel (75mg/m2, escalating,
if tolerated, to 100mg/m2) every 3weeks for 4 cycles with H
(8mg/kg loading dose followed by 6mg/kg) and P (840mg
loading dose followed by 420mg) every 3weeks from the
start of taxane. Treatment protocols were preferred accord-
ing to the age, comorbidities and ECOG PS of patients.

Statistical analysis

Statistical analysis was done using IBM SPSS Statistics for
Windows, version 22.0 (IBM Corp., Armonk, NY). A Pearson
Chi-square (v2) test was used for the comparison of categor-
ical data, while an independent-sample t test or a Mann-
Whitney U test was used for the parametric variables.
Predictors of pCR were determined via multivariate logistic
regression analysis performed with the best multivariate
model selection (Bayesian Information Criteria (BIC)). If a vari-
able had a significant effect on the score in univariate, it was
included in the multivariate analysis. The type 1 error level
was set at 5%. Survival analysis was done via Kaplan-Meier
analysis and comparisons were made via the Log-Rank test.
Data were expressed as ‘‘mean (standard deviation, SD)’’,
median (minimum–maximum), 95% confidence interval (CI),
and percentage (%) where appropriate.
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Results

Clinicopathological characteristics and oncological
outcome in the overall study population

The median age at diagnosis was 47.0 years (ranged, 20 to
88 years) and 56.1% of patients were premenopausal. Most
patients had an ECOG PS of 0 (74.5%) and invasive ductal
carcinoma (83.3%). Progesterone and estrogen receptor posi-
tivity were noted in 46.8% and 57.1% of patients, respect-
ively (Table 1).

The type of taxane was paclitaxel in 46.4% of patients and
docetaxel in 53.6%. Overall, 951 (62.2%) patients received NCT-
H, and 577 (37.8%) patients received NCT-HP. pCR was
achieved by 60.4% of patients overall. For patients with no
events, median follow-up time was 39months (range: 1–124).
However, the median survival time was not reached, while the
mean EFS time was 103.9months (Table 1).

Clinicopathological characteristics and oncological
outcome in NCT-HP vs. NCT-H groups

The premenopausal status (60.0 vs. 53.7%, p¼ 0.019), ECOG
PS of 0 (82.5 vs. 69.6%, p< 0.001), invasive ductal carcinoma

(95.0 vs. 76.2%, p< 0.001), TX-T0-T1 tumors (45.2 vs. 39.7%,
p¼ 0.037), grade 2–3 tumors (86.3 vs. 77.0%, p< 0.001), Ki-
67> 14 tumors (93.8 vs. 87.9%, p¼ 0.001) and receiving
docetaxel treatment (75.0 vs. 40.6%, p< 0.001) were signifi-
cantly more common in the NCT-HP group than in the NCT-
H group (Table 1, Figure 1).

NCT-HP vs. NCT-H treatment was associated with signifi-
cantly higher rates of pCR (66.4 vs. 56.8%, p< 0.001) and a
lower rate of relapse (4.5 vs. 12.2%, p< 0.001) (Table 1,
Figure (12)).

Clinicopathological characteristics and clinical outcome
with respect to pCR rate

In patients with vs. without pCR, the diagnosis age was sig-
nificantly younger (median: 46.0 vs. 48.0) years, p¼ 0.040),
while having ECOG PS of 0 (76.1 vs. 72.1%, p¼ 0.042), inva-
sive ductal carcinoma (88.1 vs. 76.0%, p< 0.001), NX-N0
tumors (31.5 vs. 19.3%, p< 0.001), TX-T0-T1 tumors (49.7 vs.
29.8%, p< 0.001), grade 1 tumors (25.8 vs. 9.2%, p< 0.001)
and Ki-67< 14 tumors (11.3 vs. 7.4%, p¼ 0.034) were signifi-
cantly more common (Table 2, Figure 3).

Table 1. Clinicopathological characteristics and oncological outcome in NCT-H vs. NCT-HP groups.

Total
(n¼ 1528)

HER2 blockade

NCT-H (n¼ 951) NCT-HP (n¼ 577) p value

Diagnosis age (year) Median (min-max) 47.0 (20-88) 47 (20-81) 47 (22-88) 0.691
<65 years, n (%) 1389 (90.9) 871 (91.6) 518 (89.8) 0.234
�65 years, n (%) 139 (9.1) 80 (8.4) 59 (10.2)

Menopausal status, n (%) Premenopausal 857 (56.1) 511 (53.7) 346 (60.0) 0.019
Postmenopausal 671 (43.9) 440 (46.3) 231 (40.0)

ECOG performance status, n (%) 0 1138 (74.5) 662 (69.6) 476 (82.5) <0.001
1 361 (23.6) 270 (28.4) 91 (15.8)
2 29 (1.9) 19 (2.0) 10 (1.7)

Histology subtype (n¼ 1183), n (%) Invasive ductal 1273 (83.3) 725 (76.2) 548 (95.0) <0.001
Medullary 173 (11.3) 164 (17.2) 9 (1.6)
Invasive lobular 51 (3.3) 40 (4.2) 11 (1.9)
Other 31 (2.0) 22 (2.3) 9 (1.6)

N stage (n¼ 1475), n (%) NX and N0 394 (26.7) 229 (24.9) 165 (29.6) 0.052
N1-N2-N3 1081 (73.3) 689 (75.1) 392 (70.4)

T stage, n (%) TX-T0-T1 639 (41.8) 378 (39.7) 261 (45.2) 0.037
T2-T3-T4 889 (58.2) 573 (60.3) 316 (54.8)

Histological grade, n (%) Grade 1 230 (19.4) 167 (23.0) 63 (13.8) <0.001
Grade 2 602 (50.9) 352 (48.6) 250 (54.6)
Grade 3 351 (29.7) 206 (28.4) 145 (31.7)

Lymphovascular invasion (n¼ 1305), n (%)
(pre-postoperative)

831 (63.7) 541 (64.3) 290 (62.6) 0.588

Perineural invasion (n¼ 1287), n (%)
(pre-postoperative)

72 (5.6) 19 (2.3) 53 (11.6) <0.001

PR positivity (n¼ 1487), n (%) 696 (46.8) 434 (47.2) 262 (46.2) 0.748
ER positivity (n¼ 1494), n (%) 853 (57.1) 534 (57.8) 319 (56.0) 0.519
Ki-67 (n¼ 1276) n (%) �14%

>14%
113 (9.7)
1163 (90.3)

84 (12.1)
613 (87.9)

29 (6.2)
437 (93.8)

0.001

Anthracycline treatment, n (%) Yes 1226 (80.2) 747 (78.5) 479 (83.0) 0.034
AC-FEC 1198 (78.5) 730 (76.8) 468 (81.3) 0.103
FAC 27 (1.8) 17 (1.8) 10 (1.7)
None 302 (19.8) 204 (21.5) 98 (17.0)

Taxane type, n (%) Paclitaxel 709 (46.4) 565 (59.4) 144 (25.0) <0.001
Docetaxel 819 (53.6) 386 (40.6) 433 (75.0)

Surgery type, n (%) Mastectomy 430 (28.1) 260 (27.3) 170 (29.5) 0.379
Breast conserving 1098 (71.9) 691 (72.7) 407 (70.5)

pCR, n (%) Yes 923 (60.4) 540 (56.8) 383 (66.4) <0.001
No 605 (39.6) 411 (43.2) 194 (33.6)

Relapse rate, n (%) 142 (9.3) 116 (12.2) 26 (4.5) <0.001
EFS time (months), median (SE, 95%CI LB-UB) NR NR 98.0 (27.7, 43.7-152.3) 0.655a

EFS time (months), mean (SE, 95%CI LB-UB) 103.9 (1.8,100.5-107.4) 103.9 (1.9,100.2-107.6 95.8 (6.9,82.3-109.3)

NCT-H: Trastuzumabþ Taxane; NCT-HP: Trastuzumabþ Taxaneþ Pertuzumab; ca: carcinoma; PR: Progesterone receptor; ER: Estrogen receptor; FEC: Fluorouracil,
epirubicin and cyclophosphamide; FAC: Fluorouracil, doxorubicin and cyclophosphamide; pCR: Pathologic complete response; EFS: Event free survival; CI:
Confidence interval; LB: Lower bound; UB: Upper bound. Independent-samples t test, Mann-Whitney U test, Pearson Chi square test, aLong Rank (Mantel-Cox).
Bold p values indicate significance.
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Patients with vs. without pCR were more likely to receive
paclitaxel (50.2 vs. 40.7%, p< 0.001) or NCT-HP treatment
(41.5 vs. 32.1%, p< 0.001), while the presence of pCR was

also associated with a significantly lower rate of relapse (5.6
vs. 14.9%, p< 0.001) and longer EFS time (mean(SE, 95% CI)
111.2 (1.9,107.5–114.9) vs. 93.9 (2.7,88.5–99.2) months,

Figure 1. Clinicopathological characteristics, pCR achievement and oncological outcome in NCT-H vs. NCT-HP groups; �p< 0.05 and ��p< 0.001 compared to
NCT-H group.

Figure 2. Kaplan-Meier curves for event-free survival (EFS) in NCT-H vs. NCT-HP groups.
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p< 0.001; median EFS was not reached in both arms) (Table
2, Figures (3 4,]). Patients with non-pCR were continued with
adjuvant H in two groups because TDM-1 and P are not
available for adjuvant treatment at the time of treatment in
Turkey.

Logistic regression analysis for factors predicting
achievement of pCR

In univariate logistic regression analysis for pCR, age, Ki-67
status, histological type, histological grade, T stage, lymph
node status, the type of taxane and HER2 blockade were
found to be significant factors. Thereafter, a multivariate
logistic regression analysis was performed in order to further
evaluate all of the significant factors for predicting pCR.
According to multivariate logistic regression analysis, invasive

ductal carcinoma (vs. medullary, OR, 2.669, 95% CI 1.596 to
4.464, p< 0.001), grade 1 tumor vs. grade 2 and 3 (OR, 4.052,
95% CI 2.446 to 6.713, p< 0.001 and OR, 3.496, 95% CI 2.020
to 6.053, p< 0.001, respectively), lower T stage (TX-T0-T1 vs
T2-T3-T4, OR, 1.959, 95% CI 1.411 to 2.720, p< 0.001) and
paclitaxel vs. docetaxel (OR, 1.571, 95% CI 1.127 to 2.190,
p¼ 0.008) were found to significantly predict the likelihood
of achieving pCR (Table 3).

Safety

In NCT-H and NCT-HP groups, diarrhea (16.0% and 27.0%,
respectively), upper respiratory tract infection (12.7% and
14.9%, respectively) and headache (11.7% and 14.0%,
respectively) were the most common adverse events. Most
common grade �3 adverse events in NCT-H and NCT-HP

Table 2. Clinicopathological characteristics and oncological outcome with respect to pCR achievement.

pCR achievement

Yes (n¼ 923) No (n¼ 605) p value

Diagnosis age (year) Median (min–max) 46.0 (20–88) 48.0 (21–81) 0.040
<65 years, n (%) 850 (92.1) 539 (89.1) 0.056
�65 years, n (%) 73 (7.9) 66 (10.9)

Menopausal status, n (%) Premenopausal 536 (58.1) 321 (53.1) 0.058
Postmenopausal 387 (41.9) 284 (46.9)

ECOG performance, n (%) 0 702 (76.1) 436 (72.1) 0.042
1 200 (21.7) 161 (26.6)
2 21 (2.3) 8 (1.3)

Histology subtype, n (%) Invasive ductal ca 813 (88.1) 460 (76.0) <0.001
Medullary ca 68 (7.4) 105 (17.4)
Invasive lobular ca 26 (2.8) 25 (4.1)
Other 16 (1.7) 15 (2.5)

N stage, n (%) NX and N0 282 (31.5) 112 (19.3) <0.001
N1-N2-N3 613 (68.5) 468 (80.7)

T stage, n (%) TX-T0-T1 459 (49.7) 180 (29.8) <0.001
T2-T3-T4 464 (50.3) 425 (70.2)

Histological grade, n (%) Grade 1 188 (25.8) 42 (9.2) <0.001
Grade 2 331 (45.5) 271 (59.6)
Grade 3 209 (28.7) 142 (31.2)

Lymphovascular invasion, n (%)
(pre-postoperative)

500 (61.3) 331 (67.6) 0.028

Perineural invasion, n (%)
(pre-postoperative)

34 (4.2) 38 (7.9) 0.006

PR positivity, n (%) 412 (46.2) 284 (47.7) 0.596
ER positivity, n (%) 500 (55.7) 353 (59.1) 0.201
Ki-67, (n¼ 1276) n (%) �14% 78 (11.3) 35 (7.4) 0.034

>14% 691 (88.7) 437 (92.6)
Anthracycline treatment, n (%) Yes 752 (81.5) 474 (78.3 0.148

AC-FEC 738 (80.0) 460 (76.2) 0.187
FAC 14 (1.5) 13 (2.2)
None 171 (18.5) 131 (21.7)

Taxane type, n (%) Paclitaxel 463 (50.2) 246 (40.7) <0.001
Docetaxel 460 (49.8) 359 (59.3)

Surgery type, n (%) Mastectomy 254 (27.5) 176 (29.1) 0.522
Breast conserving 669 (72.5) 429 (70.9)

HER2 blockade, n (%) NCT-H 540 (58.5) 411 (67.9) <0.001
NCT-HP 383 (41.5) 194 (32.1)

Relapse rate, n (%) 52 (5.6) 90 (14.9) <0.001
EFS time (months), median (SE, 95%CI LB-UB) Total NR NR <0.001a

NCT-H NR NR
NCT-HP 98.0 (27.7, 43.7–152.3) NR

EFS time (months), mean (SE, 95%CI LB-UB) Total 111.2 (1.9,107.5–114.9) 93.9 (2.7,88.5–99.2) <0.001a
NCT-H 112.3 (1.9,108.6–115.9) 93.6 (2.9, 88.0–99.2) 0.970a

NCT-HP 98.6 (7.3,84.3–112.9) 68.4 (3.3,61.9–74.8)

pCR: Pathologic complete response; ca: carcinoma; PR: Progesterone receptor; ER: Estrogen receptor; FEC: Fluorouracil, epirubicin and cyclophosphamide; FAC:
Fluorouracil, doxorubicin and cyclophosphamide; NCT-H: Trastuzumabþ Taxane; NCT-HP: Trastuzumabþ Taxaneþ Pertuzumab; EFS: Event free survival; CI:
Confidence interval; LB: Lower bound; UB: Upper bound, NR: Not reached.
Independent-samples t test, Mann-Whitney U test, Pearson Chi square test.
aLong Rank (Mantel-Cox).
Bold p values indicate significance.
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groups included neutropenia (1.7% and 0.7%, respectively)
and peripheral edema (1.2% and 0.5%, respectively). Only 3
patients (two in the T arm and 1 in the P arm) had mild
decreased left ventricular ejection fraction (LVEF). However,
no significant (�10% points from baseline to <50%) or ser-
ious (symptomatic LV systolic dysfunction) declines in LVEF
were detected. There was no toxicity leading to death
(Table 4).

Discussion

This real-life study of HER2þ BC patients in the neoadjuvant
setting revealed that adding P to NCT-H was associated with
more favorable clinical outcomes than NCT-H alone such as
higher pCR and 2-year EFS rates and a lower risk of relapse.
Patients with pCR had higher 2-year EFS rates, longer EFS
time, and a lower risk of relapse; they also had better ECOG
PS (ECOG PS 0), lower T stage (TX-0-1), grade 1 tumors, and
less use of docetaxel (vs paclitaxel) compared to the patient
group without pCR.

The pCR (ypT0/Tis ypN0) rate of 66.4% in our NCT-HP
group is consistent with favorable pCR rates reported with
the use of neoadjuvant H and P therapy and various chemo-
therapy backbone in previous real-life studies [2,6,13–15]. In
the real-life multicenter NEOPETRA study, among 243
patients with HER2þ early BC, NAC with P and H was

reported to be associated with a total pCR (tpCR, ypT0/is
ypN0) rate of 66.4% [2]. In a retrospective study with 19
HER2þ non-metastatic BC patients with neoadjuvant dual
anti-HER2 blockade and taxane, treatment was reported to
reveal high pCR rates of 68% [13]. In another retrospective
study in patients with HER2þ BC who underwent neoadju-
vant treatment with doxorubicin and cyclophosphamide fol-
lowed by paclitaxel, H, and P (THP) in the neoadjuvant
setting, the tpCR (ypT0/is ypN0) rate was reported to be
72% [15].

Notably, the pCR rates achieved after neoadjuvant therapy
in our NCT-HP group are also comparable or even higher
than the pCR rates (range, 39 to 68%) reported across the
clinical trials with use of neoadjuvant dual HER2 in combin-
ation with different chemotherapy backbones in early-stage
HER2þ BC patients [9,16–19]. In the NEOSPHERE trial of 417
patients, P, H, and docetaxel treatment was associated with
significantly higher a pCR (ypT0/is) rate than trastuzumab
and docetaxel treatment (45.8% vs. 29.0%) [9]. In the
BERENICE and GeparSepto trials with neoadjuvant H, P, and
standard anthracycline/taxane-based chemotherapy, the pCR
(ypT0/is ypN0) rates were 61.8% and 66.2%, respectively
[16,18], while the TRAIN-2 trial revealed the tpCR rate
(ypT0/is ypN0) of 67% and 68% with neoadjuvant dual HER2
blockade and chemotherapy with or without anthracyclines,
respectively [20].

Figure 3. Clinicopathological characteristics, pCR achievement and oncological outcome in patients with vs. without pCR; �p< 0.05 and ��p< 0.001 compared to
patients without pCR.
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Considering the survival outcome, the 2-year EFS rates
(90.4% overall, 95% in the NCT-HP group) is consisitent with
the data from pivotal studies with dual HER2 blockade in
combination with chemotherapy, which revealed high sur-
vival rates across the treatment arms such as a 3-year pro-
gression-free survival (PFS) rate of 87–89% in the
TRYPHAENA trial [21], a 3-year EFS rate of 94.2% in the
KRISTINE trial [22] and a 5-year PFS rate of 86% in the
NEOSPHERE trial [10]. Also, in a real-life retrospective study
of 447 patients with early or locally-advanced HER2þ BC
who underwent neoadjuvant docetaxel/carboplatin/H/P
(TCHP) therapy, the pCR rate was reported to be 64%, while
the 3-year EFS rate was 90.6% [6]. In another real-life study
with 78 HER2þ early BC patients, the NCT with H and P was
reported to be associated with a pCR (ypT0/is/N0) rate of
46.3%, along with favorable 12-month PFS (99%), 24-month
PFS (95%) and 2-year overall survival (OS, 86%) esti-
mates [14].

In our study, the use of NCT-HP was associated with sig-
nificantly higher pCR rates, while achievement of pCR was
associated with significant survival benefits in terms of
higher 2-year EFS rates as well as a lower risk of relapse.
These findings indicate a further increase in survival with the
addition of P to NCT-H treatment, which exceeds the
increase in pCR rates (from 19% to 38%) as well as the

survival benefit (hazard ratio (HR) 0.64 for EFS and HR 0.66
for OS) reported in HER2þ BC patients treated with NCT-H
alone [23,24].

Our findings support that the real-life data on dual HER2
blockade plus chemotherapy among HER2þ BC patients
reveal much higher pCR rates than that was reported in
randomized clinical trials [4,25], and targeting the HER2 path-
way with dual blockade (H and P) can further increase the
pCR rate compared with T alone [2,6,8,17].

Indeed, a strong correlation between pCR and prognosis
after neoadjuvant therapy has been consistently reported
with improved EFS in patients who achieve a pCR after neo-
adjuvant therapy than those with residual disease, particu-
larly in patients with HER2þ and triple-negative BC
[3,7,26,27]. In the NEOSPHERE trial, a greater 5-year PFS was
reported in locally-advanced or early-stage HER2þ BC
patients with vs. without pCR (85 vs. 76%) after neoadjuvant
P and T [10]. A failure to achieve pCR was also reported to
be associated with significantly poorer disease-free survival
(DFS) than those with pCR (HR, 1.98) in the retrospective
observational JBCRG-C03 study among HER2þ primary BC
patients treated with NCT plus H alone [27].

Previous studies revealed that HR negativity, low clinical
stage, and postmenopausal status were favorable to pCR,
while the clinical stage and pCR also had a significant impact

Figure 4. Kaplan-Meier curves for event-free survival (EFS) in patients with vs. without pCR.
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on EFS [2,6,14]. However, in our study HR status had no sig-
nificant impact on the pCR rates. Likewise, the Collaborative
Trials in Neoadjuvant Breast Cancer (CTNeoBC) pooled

analysis indicated that pCR following NCT combined with H
was associated with an improved long-term survival outcome
(HR 0.39 for EFS and 0.34 for OS) in the HER2þ subgroup,
regardless of the HR status [3]. While HR negativity was asso-
ciated with increased pCR rates, it is also associated with
shorter EFS and PFS. On the other hand, tumor burden (T
size and nodal involvement) was significantly associated with
survival regardless of pCR status [6]. In our study, lower T
stage (TX-T0-T1 vs. T2-T3-T4), lower tumor grade (grade 1 vs.
grade 2 and 3), histological type (invasive ductal vs. medul-
lary carcinoma), taxane type (paclitaxel vs. docetaxel) signifi-
cantly predicted pCR, while the age, menopausal status,
EGOG PS, HR status, Ki-67, lymph node positivity, surgery
type, anthracycline treatment or addition of P to NCT-H were
not among the significant determinants of pCR. The fact that
the use of paclitaxel is associated with more pCR rate may
possibly be related to its more tolerability and less toxicity
than docetaxel in daily practice. Our findings were compat-
ible with BERENICE trial [18]. This seems notable given that
patients with initially high clinical stage BC are considered to
be at risk of disease recurrence even though pCR had been
achieved after neoadjuvant therapy [6]. Analysis of data from
five clinical trials conducted by the German Breast Group
indicated that baseline clinical nodal stage (HR 1.70) and
tumor stage (HR 1.61) were independently correlated with
DFS after surgery in patients with pCR [7,28,29].

Our findings also support the consideration of NCT-HP to
be a well-tolerated therapy in HER2þ early BC patients

Table 3. Logistic regression analysis for factors predicting achievement of pCR.

Parameter

Univariate Multivariate

OR p

95% CI for OR

OR ß X2 p

95% CI

LB UB LB UB

Diagnosis Age <65 Ref Ref
�65 1.426 0.047 1.005 2.023 1.642 0.496 3.805 0.051 0.998 2.701

Menopausal Status Postmenopausal Ref
Premenopausal 1.225 0.054 0.997 1.506

ECOG 0-1 Ref
2 0.576 0.187 0.253 1.308

Progesterone Receptor Negative Ref
Positive 1.058 0.593 0.86 1.303

Estrogen Receptor Negative Ref
Positive 1.149 0.195 0.931 1.417

Ki67 �14 Ref
>14 1.589 0.03 1.047 2.411 1.297 0.260 0.836 0.361 0.743 2.265

Histology Invasive Ductal Carcinoma Ref Ref
Other 1.683 0.023 1.076 2.634 1.753 0.561 3.306 0.067 0.961 3.196
Medullary Carcinoma 2.729 <0.001 1.97 3.78 2.669 0.982 14.001 <0.001 1.596 4.464

Histological
Grade

Grade 1 Ref Ref
Grade 2 3.665 <0.001 2.529 5.311 4.052 1.399 29.510 <0.001 2.446 6.713
Grade 3 3.041 <0.001 2.045 4.522 3.496 1.252 19.987 <0.001 2.020 6.053

T stage TX-T0-T1 Ref Ref
T2-T3-T4 2.336 <0.001 1.88 2.901 1.959 0.673 16.139 <0.001 1.411 2.720

Lymph Node Negative Ref Ref
Positive 1.922 <0.001 1.497 2.468 1.069 0.067 0.109 0.742 0.718 1.591

Surgery Type Mastectomy Ref Ref
Breast Conservation 0.925 0.504 0.737 1.162

Taxan Type Paclitaxel Ref Ref
Docetaxel 1.469 <0.001 1.194 1.807 1.571 0.452 7.112 0.008 1.127 2.190

Anthracyclin Treatment No Ref
Yes 0.823 0.134 0.638 1.062

HER2 Blockade Trastuzumabþ Taxane Ref Ref
Trastuzumabþ Taxaneþ Pertuzumab 0.666 <0.001 0.537 0.825 0.857 �0.154 0.718 0.397 0.600 1.225

OR: odds ratio, pCR: pathological complete response, CI: confidence interval.
Bold p values indicate significance.

Table 4. Safety data.

Any Adverse Event NCT-H (n¼ 951) NCT-HP (n¼ 577)

Events of any grade n (%)
Diarrhea 152 (16.0) 156 (27.0)
Upper respiratory tract infection 121 (12.7) 86 (14.9)
Headache 111 (11.7) 81 (14.0)
Nausea 97 (10.2) 61 (10.6)
Peripheral edema 109 (11.5) 58 (10.1)
Myalgia 64 (6.7) 45 (7.8)
Asthenia 77 (8.1) 70 (12.1)
Rash 83 (8.7) 102 (17.7)
Fatigue 89 (9.4) 65 (11.3)
Vomiting 66 (6.9) 52 (9.0)
Constipation 69 (7.3) 44 (7.6)
Pruritus 58 (6.1) 68 (11.8)
Neutropenia 44 (4.6) 31 (5.4)
Decreased appetite 47 (4.9) 32 (5.6)
Dry skin 31 (3.3) 19 (3.3)
Muscle spasm 22 (2.3) 42 (7.3)
Alopecia 12 (1.3) 7 (1.2)
Mucosal inflammation 14 (1.5) 8 (1.4)
Febrile neutropenia 22 (2.3) 13 (2.3)

Grade �3 adverse events, n(%)
Neutropenia 16 (1.7) 4 (0.7)
Peripheral edema 11 (1.2) 3 (0.5)
Febrile neutropenia 4 (0.4) 1 (0.2)
Diarrhea 8 (0.8) 7 (1.2)
Upper respiratory track infection 15 (1.6) 9 (1.6)
Febrile neutropenia 3 (0.3) 1 (0.2)
Nausea 6 (0.6) 2 (0.4)

NCT-H: Trastuzumabþ Taxane; NCT-HP: Trastuzumabþ Taxaneþ Pertuzumab.
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associated with a favorable safety profile and no serious car-
diac toxicity or treatment-related deaths in the real-life set-
ting, consistent with safety findings reported in clinical trials
such as the TRYPHAEA and BERENICE trials [2,7,14,17,18]. In
addition, a pooled analysis performed by Swain et al. eval-
uated the risk of recurrence and death in patients with
HER2þ early BC who achieve a pCR after different types of
neoadjuvant anti-HER2 therapy [30]. They showed that
patients with pCR had longer EFS than those with residual
disease. Moreover, patients treated with HP in both the neo-
adjuvant and adjuvant settings had the lowest risk of breast
cancer recurrence. They recommend that some patients who
had a pCR still had a risk of relapse; therefore standard of
care should be given and further efforts should be made to
define prognostic factors for relapse [30].

The major strength of this study is the inclusion of a
nationwide database on 1528 HER2þ BC from 21 centers in
Turkey, offering large-scale, retrospective real-life data on the
effectiveness of dual HER2 blockade plus chemotherapy with
the use of a standardized method for pCR assessment.
However, certain limitations must be acknowledged. First,
the data is retrospective and limited to the therapeutic
options available for use in early HER2þ BC within the study
period (such as adjuvant TDM-1 and P). Because TDM-1 and
P are not available for adjuvant treatment at the time of
treatment in Turkey, patients with non-pCR were continued
with adjuvant H in two groups. The fact that our study is
such a retrospective cohort study can be considered as a
kind of selection bias and perhaps influenced our results.
Second, a relatively shorter follow-up time is another limita-
tion since a reliable survival outcome analysis needs a longer
follow-up interval. This may also have affected our results.

Conclusions

In conclusion, this real-life study indicates the association of
neoadjuvant dual HER2 blockade with H and P plus chemo-
therapy with the achievement of pCR in a high proportion of
HER2þ BC patients, with comparable or even higher pCR
rates than reported in clinical trials. Having better invasive
ductal histology, lower T stage (vs. T2-T3-T4), grade 1 tumors
(vs. grade 2 and 3), and taxane type (paclitaxel vs. docetaxel)
predicted the achievement of pCR, while patients with vs.
without pCR had higher 2-year EFS rates and a lower risk of
relapse. Our findings support the efficacy and safety of dual
HER2 blockade with P and H plus chemotherapy for neoadju-
vant treatment of HER2þ BC patients, which seems to further
increase the pCR rate and enables a lower rate of relapse
compared with H plus chemotherapy.
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