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Abstract

Background: The objective of this study was to evaluate the safety and efficacy of

nab‐paclitaxel, trastuzumab, and pertuzumab as neoadjuvant therapy (NAT) in pa-

tients with human epidermal growth factor receptor 2 HER2+ breast cancer (HER2

+ BC) to determine pathologic complete response (pCR), invasive disease‐free
survival (iDFS), and overall survival.

Methods: Forty‐five patients with HER2+ BC Stages II–III were to be enrolled from

2013 to 2017. Patients were treated with weekly nab‐paclitaxel (100 mg/m2

intravenously), weekly trastuzumab (4 mg/kg loading dose, then 2 mg/kg), and six

cycles of pertuzumab (840 mg loading dose, then 420 mg intravenously day 1 every

21 days).

Results: Median follow‐up was 60 months (95% CI, 32.3–55.6) and pCR was 29/45

(64%). The 5‐year iDFS for patients who achieved pCR (N = 29) was 96.3% (95% CI,

76.5–99.5) and non‐pCR patients (N = 16) was 74.3% (95% CI, 39.1–91.0). The 5‐
year overall survival (N = 45) was 94.1% (95% CI, 77.6–98.5). Based on hormonal

status, the 5‐year iDFS for HR+ pCR patients (N = 14) was 92.3% (95% CI, 56.6–

98.9) and for HR− (N = 15) was 100% (p = .3).

Conclusions: This anthracycline/carboplatin‐free regimen with nab‐paclitaxel ach-
ieved a pCR rate of 64% in patients with HER2+ BC. The 5‐year iDFS in patients

with and without pCR was 96.3% and 74.3%, respectively. The pCR rate is com-

parable with docetaxel, carboplatin, trastuzumab, and pertuzumab therapy in the

NAT setting, but with fewer treatment‐associated toxicities. This finding suggests

the possibility of safe avoidance of anthracyclines and carboplatin as components of

NAT in patients with HER2+ BC.

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2022 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society.
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INTRODUCTION

Human epidermal growth factor receptor 2 (HER2) overexpression

occurs in 20% to 25% of patients with breast cancer (BC) and is

associated with poor prognosis.1 Nab‐paclitaxel (100 mg/m2 weekly

dose) demonstrated acceptable safety profile and better response

rate and progression‐free survival (PFS), particularly in subsets of

patients with visceral metastasis when compared with docetaxel in

Phase 2 studies. In addition, a Phase 3 study showed improved PFS

with nab‐paclitaxel every 3 weeks compared with paclitaxel every

3 weeks as first‐line treatment of patients with metastatic BC, with

less neurotoxicity and hypersensitivity.2,3 Furthermore, the ION 04‐
012 randomized phase 2 study compared nab‐paclitaxel with or

without trastuzumab in first‐line treatment of patients with meta-

static breast cancer (MBC) and demonstrated an overall response

rate of 52.4% in HER2‐overexpressing patients with median PFS of

14.5 months, which includes HER2 nonoverexpressing patients.4

The addition of trastuzumab to chemotherapy significantly

improved disease‐free survival (DFS) and overall survival (OS) in the

adjuvant setting.5 Pertuzumab in combination with trastuzumab

showed synergistic inhibition of BC cells overexpressing HER2.6–8

The Phase 3 CLEOPATRA study established the addition of pertu-

zumab to docetaxel and trastuzumab as first‐line therapy in HER2‐
positive MBC (HER2+ MBC).9–12 The combination of pertuzumab,

trastuzumab, and docetaxel had increased PFS at 18.4 months

compared with trastuzumab and docetaxel at 12.4 months, with no

increase in cardiotoxicity when given as first‐line treatment for

MBC.11,12 Long‐term follow‐up revealed significant improvement in

OS with first‐line treatment of pertuzumab, trastuzumab, and doce-

taxel for patients with HER2+ MBC, with a 16.3‐month median

improvement (40.8 vs. 57.1 months).13 In addition, the activity and

safety when pertuzumab and trastuzumab were combined with

weekly paclitaxel have also been reported, supporting such combi-

nation for patients with HER2+ MBC.14

A series of trials tested the feasibility and efficacy (as defined by

pathologic complete response [pCR] rate at surgery) of dual targeting

neoadjuvant therapy (NAT) in patients with HER2+ locally advanced

BC. Based on the positive outcome of such trials including the

Neosphere trial (pCR rate of 45.8%), the Food and Drug Adminis-

tration approved the use of neoadjuvant dual targeting therapy with

trastuzumab, pertuzumab, and a docetaxel.15 Five‐year PFS, DFS, and
safety was reported and suggested that pCR could predict the long‐
term outcome in patients with early‐stage HER2+ BC.16

Because docetaxel requires premedication with dexamethasone

to decrease third‐space fluid retention, we initiated a clinical trial of

nab‐paclitaxel with trastuzumab and pertuzumab as an alternative to

docetaxel in patients with locally advanced HER2+ BC. In addition,

we planned to deescalate NAT by avoiding the use of anthracycline

and other chemotherapeutic agents. The objectives of this study

were to evaluate the safety and efficacy of nab‐paclitaxel, trastuzu-
mab, and pertuzumab in patients with HER2+ BC to determine the

pCR, invasive DFS (iDFS), and OS including estrogen receptor–

positive (ER+) and progesterone receptor–positive (PR+) patients.

MATERIALS AND METHODS

Patients

The study eligibility included patients with HER2+ BC, aged

≥18 years, Eastern Cooperative Oncology Group performance status

0–2, institutional normal cardiac ejection fraction, and confirmation

of HER2 positivity defined as 3+ on immunohistochemistry or gene

amplification on fluorescence in situ hybridization (>2.0). The City of

Hope institutional review board approved the study and all patients

provided written voluntary consent to participate (NCT01730833). A

total of 45 patients with biopsy‐confirmed primary HER2+ BC were

enrolled from 2013 to 2017. Supportive care was in line with stan-

dard practice, and American Society of Clinical Oncology and Na-

tional Comprehensive Cancer Network guidelines were followed.

Study design and treatment

Patients were recruited from the medical oncology clinics at City of

Hope National Medical Center. Before initiation of therapy, workup

included a computed tomography scan of the chest, abdomen and

pelvis, and bone. Each 21‐day cycle of treatment consisted of nab‐
paclitaxel 100 mg/m2 intravenously weekly, with trastuzumab 4 mg/

kg loading dose, then 2 mg/kg intravenously weekly, and pertuzumab

840 mg loading dose followed by 420 mg intravenously every 21 days

until disease progression, unmanageable toxicity, physician or patient

request to discontinue therapy, or study termination by sponsors

(Figure 1). Toxicity assessment was performed before each cycle. Pa-

tients received six cycles of treatment before surgery. Response to

therapy was assessed on the pathologic specimen obtained at defini-

tive surgery, with pCR defined as no residual invasive disease in breast

and lymph nodes with or without residual in situ carcinoma (ypTis).

iDFS was defined as occurrence of any ipsilateral or contralateral

invasive breast cancer, regional or distant recurrence of breast cancer.

Statistical methods

The original protocol included a separate cohort for patients with

metastatic disease; however, accrual to that cohort was limited
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(n = 18) and here we report only the neoadjuvant cohort. In the

neoadjuvant setting, a pCR rate of 39.3% was observed with the

pertuzumab, trastuzumab, and docetaxel.15 This study was designed

to use nab‐paclitaxel on the proposed dose and schedule because of

its lower toxicity. With 40 neoadjuvant cases, the probability of a

true discouraging neoadjuvant pCR rate of 29.3% exceeding the

benchmark of 39.3% (16 or more) is 10% (type I error), and the

probability of a true neoadjuvant pCR rate of 49.3% resulting in an

observation below 39.3% (15 or less) is less than 10% (>90% power).

This design is equivalent to testing the null hypothesis H0: pCR rate

is 29.3% against an alternative H1: pCR rate is 49.3%, with a type I

error (one‐sided) of 10% and a type II error less than 10% (at least

90% power). Because of encouraging results on the neoadjuvant arm

(exceeding the required pCR number with acceptable toxicity), and

poor accrual for the metastatic arm, accrual to the neoadjuvant arm

was increased beyond 40 patients with sponsor approval to expand

on the neoadjuvant experience.

RESULTS

Patients

Patient characteristics are summarized in Table 1 and study summary

is shown in Figure 1. Median age was 56 (31–78) years. One of 45

patients (2%) was stage I, 16/45 (36%) were stage IIA, 14/45 (31%)

were stage 2B, 10/45 (22%) were stage IIIA, 1/45 (2%) were stage

3B, and 3/45 (7%) were stage 3C. The patients received a median of

six cycles of treatment (1–6), and pCR was documented in 29/45

(64%) patients, with pCR of 15/20 (75%) hormone receptor negative

(HR−) and 14/25 (56%) hormone receptor positive (ER+ and/or PR+,
HR+) (Table 2). One non‐pCR patient received doxorubicin and

cyclophosphamide chemotherapy in the adjuvant setting. One patient

developed metastatic disease and received trastuzumab deruxtecan

(Enhertu), and one patient received neratinib but developed toxicity

and stopped after 1 month. The median follow‐up was 60 months

(95% CI, 32.3–55.6). The 5‐year iDFS for patients who achieved pCR

(n = 29) was 96.3% (95% CI, 76.5–99.5) and for non‐pCR patients

(n = 16) was 74.3% (95% CI, 39.1–91.0) (p = .10) (Figure 2A). The 5‐
year OS for pCR patients (n = 29) was 94.1% (95% CI, 65.0–99.1) and

for non‐pCR patients (n = 16) was 93.3% (95% CI, 61.3–99.0)

(p = .68) (Figure 2B). Based on hormonal status, the 5‐year iDFS for

HR+ pCR patients (n = 14) was 92.3% (95% CI, 56.6–98.9) and for

HR− pCR patients (n = 15) was 100% (p = .3) (Figure 3A). The 5‐year
iDFS for HR+ non‐pCR patients (n = 11) was 76.2% (95% CI, 33.2–

93.5) and for HR− non‐pCR patients (n = 5) was 66.7% (95% CI, 5.4–

94.5) (p = 1.0) (Figure 3B). The 5‐year iDFS for ER+ and PR+ pCR

patients (n = 8) was 100.0%; ER+/PR− pCR patients (n = 6) was

83.3% (95% CI, 27.3–97.5); and ER−/PR− pCR patients (n = 15) was

100% (p = .2) (Figure 4A). The 5‐year iDFS for ER+/PR+ non‐pCR
patients (n = 8) was 80.0% (95% CI, 20.4–96.9); ER+/PR− non‐pCR
patients (n = 3) was 66.7% (95% CI, 5.4–94.5); and ER−/PR− non‐
pCR patients (n = 5) was 66.7% (95% CI, 5.4–94.5) (p = .9)

(Figure 4B).

F I GUR E 1 Study summary including patient enrollment, protocol therapy, and patient follow‐up.
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Adverse events

A total of 4/45 (9%) patients had >1 cycle delayed and 32/45 (71%)

patients had >1 cycle reduced (Table 2). Grade (G) 3 AEs (>2 pa-

tients) included 7/45 (16%) of patients with hypertension; 4/45 (9%)

with anemia; and 2/45 (4%) with diarrhea, elevated liver enzymes,

fatigue, or rash. G4 AEs included 1/45 (2%) dyspnea (Table 3). AEs of

interest included one (2%) G3 cardiac disorder and 26 (58%) G1 and

eight (18%) G2 chemotherapy‐induced peripheral neuropathy. No

febrile neutropenia was reported.

DISCUSSION

In this study, adding nab‐paclitaxel to trastuzumab and pertuzumab

in the neoadjuvant setting achieved a pCR rate of 64.4%, with pCR

defined as no residual invasive disease in breast and lymph nodes

with or without in situ residual ypTis. This pCR rate favorably

compared with the pCR rate of TRYPHANEA study, which was re-

ported as 66.2% (ypTis included). The TRYPHANEA study evaluated

docetaxel, carboplatin, trastuzumab, and pertuzumab (TCHP)

regimen versus anthracycline‐based regimen of 5‐fluorouracil, epi-
rubicin, and cyclophosphamide/trastuzumab plus pertuzumab, fol-

lowed by docetaxel, trastuzumab, and pertuzumab.17,18 Our study's

pCR was higher than the pCR of 45.8% reported in the NeoSphere

study.15

A deescalation approach in the treatment of patients with HER2

+ BC, both in the neoadjuvant and adjuvant settings, has been

studied in clinical trials. Nitz et al. randomized 132 patients (2:1) to

NAT trastuzumab and pertuzumab +/− weekly paclitaxel at 80 mg/

m2 in a phase 2 study (WSG‐ADAPT) conducted in HR– HER2+ pa-

tients. The pCR rate was 78.6% (excluding ypTis) in the trastuzumab

and pertuzumab plus paclitaxel treated arm versus 24.4% in the

trastuzumab and pertuzumab arm.19

Neoadjuvant trastuzumab and pertuzumab and chemotherapy

(docetaxel + carboplatin) versus trastuzumab emtansine (T‐
DM1) + pertuzumab was studied in a phase 3 study by Hurvitz et al.

(Kristine Study).20 The pCR was achieved in 44.4% of patients who

received T‐DM1 plus pertuzumab versus 55.7 of patients who

received TCHP. Three‐year iDFS was significantly different in favor

of pCR, regardless of the neoadjuvant regimens (97.2% vs. 87.4%;

hazard ratio, 0.24; 0.09–0.60). We report a longer follow‐up period of

5 years with an iDFS of 96.3% for patients who achieved pCR and

TAB L E 1 Patient and disease characteristics

Patients (N = 45)

Age, median (range), years 56 (31–78)

Race/ethnicity, N (%)

Hispanic 19 (42)

Non‐Hispanic White 17 (38)

Asian 7 (16)

African American 1 (2)

Unknown 1 (2)

ECOG performance status, N (%)

0 28 (62)

1 17 (38)

Menopausal status, N (%)

Postmenopause 24 (53)

Premenopause 19 (42)

Perimenopause 2 (4)

Histology type, N (%)

Infiltrating ductal carcinoma 45 (100)

Tumor stage at initial diagnosis, N (%)a

I 1 (2)b

IIA 16 (36)

IIB 14 (31)

IIIA 10 (22)

IIIB 1 (2)

IIIC 3 (7)

Receptor status at initial diagnosis, N (%)

HR− HER2+ 20 (44)

HR+ HER2+ 25 (56)

Prior radiation, N (%)

No 45 (100)

Abbreviations: AJCC, American Joint Commission on Cancer; ECOG,

Eastern Cooperative Oncology Group; HER2+, human epidermal

growth factor receptor 2 positive; HR–, hormone receptor negative; HR

+, hormone receptor positive.
aAJCC 7th edition.
bTreating physician choice.

TAB L E 2 Median follow‐up, dose delay, and dose reduction

Patients (N = 45)

Median follow‐up (95% CI), months 50.0 (32.3–55.6)

Median treatment cycles completed (range) 6 (1–6)

Median treatment cycles delayed (range) 0 (0–2)

Patients with >1 cycle delayed 4 (9%)

Median treatment cycles reduced (range) 3 (0–6)

Patients with >1 cycle reduced 32 (71%)

pCR 29/45 (64%)

HR− HER2+ 15/20 (75%)

HR+ HER2+ 14/25 (56%)

Abbreviations: HER2+, human epidermal growth factor receptor 2

positive; HR–, hormone receptor negative; pCR, pathologic complete

response
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74.3% for patients who did not achieve pCR. The lack of statistical

significance in favor of pCR achieved with our deescalated regimen is

possibly from the small sample size.

Within the context of the adaptively randomized trials con-

ducted by the I‐SPY consortium, cohorts of patients with HER2+
stage 2 and 3 received either T‐DM1 and pertuzumab (n = 52; pCR

rate of 55%), or trastuzumab, pertuzumab, and paclitaxel (n = 45;

pCR rate of 56%) in comparison to the control of trastuzumab and

paclitaxel (n = 31; pCR rate of 25%) followed by doxorubicin and

cyclophosphamide as part of NAT. Three‐year event‐free survivals

were 88%, 92%, and 87%, respectively, for the three groups.21

Although cross‐study comparisons are problematic, the patients in

F I GUR E 2 Kaplan–Meier survival analysis for pCR vs. non‐pCR patients. (A) The 5‐year iDFS for pCR patients (N = 29) was 96.3% (95% CI,
76.5–99.5) and for non‐pCR patients (N = 16) was 74.3% (95% CI, 39.1–91.0). (B) The 5‐year OS for pCR patients (N = 29) was 94.1% (95% CI,
65.0–99.1) and for non‐pCR (N = 16) patients was 93.3% (95% CI, 61.3–99.0). iDFS indicates invasive disease‐free survival; OS, overall

survival; pCR, pathologic complete response.
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our study presented with somewhat more advanced/higher risk pri-

maries than participants in the earlier studies, based on the intent to

enroll predominantly node positive and locally advanced cases.

However, the results compare favorably to the outcome of the I‐SPY
and the other trials mentioned, and we achieved these results

without the inclusion of anthracyclines in the neoadjuvant or

adjuvant setting. Our patient population received adjuvant trastu-

zumab every 3 weeks for a total duration of 52 weeks, and those with

HR+ disease were prescribed antiestrogen therapies in line with

then‐current practice guidelines. The 5‐year iDFS was numerically

lower in patients without pCR (74.3%) compared with patients with

pCR (96.3%), but OS was not noticeably different. When this study

F I GUR E 3 Kaplan–Meier survival analysis for HR+ and HR− patients. (A) The 5‐year iDFS for HR+ patients achieving pCR (N = 14) was
92.3% (95% CI, 56.6–98.9) and for HR− patients (N = 15) was 100% (p = .3). (B) The 5‐year iDFS for HR+ non‐pCR patients (N = 11) was

76.2% (95% CI, 33.2–93.5) and for HR− non‐pCR patients (N = 5) was 66.7% (95% CI, 5.4–94.5) (p = 1.0). HR– indicates hormone receptor
negative; HR+, hormone receptor positive; iDFS, invasive disease‐free survival; pCR, pathologic complete response.
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was conducted, adjuvant TDM‐1 was not a part of the standard of

care in patients who did not achieve pCR after NAT. The current

practice is to offer patients adjuvant T‐DM1 based on the

KATHERINE study results (iDFS 77% with trastuzumab and 88.3%

with T‐DM1).22 Our single‐institutional study was limited by small

sample size and nonrandom design. However, the results suggest that

patients with pCR had improved iDFS regardless of hormonal status.

HR– patients showed a trend toward improved iDFS. We also iden-

tified a trend toward worse outcomes in patients with ER+ PR−,
especially in those without pCR possibly because of the small

F I GUR E 4 Kaplan–Meier survival analysis for patients stratified by receptor status. (A) The 5‐year iDFS for ER+/PR+ pCR patients (N = 8)
was 100.0%; ER+/PR− pCR patients (N = 6) was 83.3% (95% CI, 27.3–97.5); and ER−/PR− pCR patients (N = 15) was 100% (p = .2). (B) The 5‐
year iDFS for ER+/PR+ non‐pCR patients (N = 8) was 80.0% (95% CI, 20.4–96.9); ER+/PR− non‐pCR patients (N = 3) was 66.7% (95% CI, 5.4–

94.5); and ER−/PR− non‐pCR patients (N = 5) was 66.7% (95% CI, 5.4–94.5) (p = .9). ER– indicates estrogen receptor negative; ER+, estrogen
receptor positive; iDFS, invasive disease‐free survival; pCR, pathologic complete response.
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TAB L E 3 All treatment‐related adverse events (with at least one grade 2 or above)

Patients (N = 45)

Adverse event Grade 1 Grade 2 Grade 3 Grade 4

Bone marrow

Anemia 25 (56%) 11 (24%) 4 (9%)

Leukopenia 22 (49%) 4 (9%) 1 (2%)

Neutropenia 7 (16%) 5 (11%) 1 (2%)

Lymphopenia 2 (4%) 2 (4%)

Gastrointestinal

Nausea/vomiting 29 (64%) 2 (4%)

Dyspepsia 3 (7%)

Diarrhea 18 (40%) 7 (16%) 2 (4%)

Constipation 6 (13%) 1 (2%)

Mucositis oral 6 (13%) 1 (2%)

Electrolytes

Hyponatremia 11 (24%) 1 (2%)

Hypokalemia 5 (11%) 2 (4%)

Hypophosphatemia 4 (9%) 1 (2%)

Hypoalbuminemia 1 (2%) 2 (4%)

Hypomagnesemia 1 (2%)

Cardiovascular

Hypertension 6 (13%) 10 (22%) 7 (16%)

Cardiac disorders 1 (2%)

Atrial fibrillation 1 (2%)

Infection

Urinary tract infection 2 (4%)

Nail infection 3 (7%)

Tooth infection 1 (2%)

Pain

Back pain 2 (4%) 1 (2%)

Respiratory

Dyspnea 1 (2%) 1 (2%)

General

Peripheral sensory neuropathy 26 (58%) 8 (18%)

Fatigue 26 (58%) 10 (22%) 2 (4%)

Rash acneiform 19 (42%) 3 (7%) 1 (2%)

Alanine transaminase 16 (36%) 3 (7%) 2 (4%)

Edema of the limbs 14 (31%) 1 (2%)

Skin disorder 12 (27%) 3 (7%)

Alopecia 8 (18%) 5 (11%)

Rash maculopapular 7 (16%) 1 (2%) 1 (2%)

Irregular menstruation 1 (2%) 1 (2%)

Metabolism and nutrition disorder 1 (2%) 1 (2%)

(Continues)
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numbers of patients. Our prospective single institutional study

compared favorably with similar trials.

CONCLUSION

This anthracycline/carboplatin‐free regimen, which included nab‐
paclitaxel, trastuzumab, and pertuzumab, achieved a pCR rate of

64% in patients with HER2+ BC with fewer treatment‐related tox-

icities in comparison to both anthracycline‐ and docetaxel/carbo-

platin–containing regimens. Our patients achieved a pCR rate

comparable to TCHP therapy in the NAT setting, and those with pCR

achieved an iDFS of 96.3% versus patients without pCR 74.3%. These

results also compare favorably with the outcome following T‐DM1

and paclitaxel, or pertuzumab, trastuzumab, and paclitaxel followed

by anthracycline and cyclophosphamide. Our finding suggests that we

may be able to safely avoid anthracyclines and carboplatin as com-

ponents of NAT for patients with HER2+ BC.
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