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Background: The majority of breast cancer patients in Jordan are diagnosed at a young age and 

present with metastatic or locally advanced disease. The National Surgical Adjuvant Breast and 

Bowel Project Protocol B27 (NSABP-B27) (four cycles of adriamycin and cyclophosphamide 

[AC] followed by four cycles of docetaxel) is a standard neoadjuvant regimen in our institution. 

In this study, we report the efficacy of adding trastuzumab to docetaxel in this regimen for high-

risk human epidermal growth factor receptor 2 (HER2)-positive early-stage disease.

Patients and methods: Consecutive HER2-positive breast cancer patients treated with this 

regimen were included. Treatment was given at standard doses and schedules as reported in 

NSABP-B27. Trastuzumab was given with docetaxel and then continued for 1 year.

Results: A total of 121 patients (mean age 45.4 years) were included. The majority had high-

risk features including large tumor size, positive axillary lymph nodes, and grade III disease. 

Three patients did not complete the planned cycles of AC due to a lack of response. Eight 

(6.6%) patients missed at least one cycle of docetaxel. Following neoadjuvant therapy, 119 

patients underwent surgery, of whom 59 (49.6%) patients achieved pathological complete 

response. The response was higher in node-negative patients (64.0 vs 45.7%; P=0.03) and 

in hormone receptor-negative disease patients (69.7 vs 41.9%; P=0.018). Breast-conserving 

surgery was performed in 21.5% of the patients. The median disease-free survival (DFS) for 

the whole group was not reached while the 3- and 5-year DFS rates were 84.2 and 74.1%, 

respectively.

Conclusion: Trastuzumab added to the NSABP-B27 regimen is a unique combination. When 

used in high-risk patients, as in our study, outcomes similar to reported data were achieved 

without unexpected toxicities.
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Introduction
Breast cancer is the most common cancer among Jordanian females. The majority of 

patients are young and present with locally advanced disease. Neoadjuvant therapy, 

also known as primary systemic treatment, was initially introduced for the treatment of 

inoperable locally advanced or inflammatory breast cancer. Increasingly, neoadjuvant 

chemotherapy is now considered for women with large but operable tumors as well. The 

rationale of this approach is to provide early chemotherapy that allows down-staging 
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of the tumor, higher rates of breast-conserving surgeries (BCSs), 

and in vivo testing of chemosensitivity of the tumor.1–5

The National Surgical Adjuvant Breast and Bowel Project 

Protocol B27 (NSABP-B27) trial6 utilized four cycles of 

adriamycin and cyclophosphamide (AC) with or without 

four cycles of docetaxel. Surgery was performed before or 

after docetaxel. Preoperative AC followed by docetaxel was 

associated with better clinical complete response rate (63.6%) 

compared to 40.1% (P=0.001) in the group that received AC 

alone. The overall clinical response rate (90.7 vs 85.5%; 

P=0.001), the pathological complete response (pCR) rate 

(26.1 vs 13.7%; P=0.001), and the proportion of patients with 

negative nodes at time of surgery (58.2 vs 50.8%; P=0.001) 

were also higher in the docetaxel arm.6 Similar results were 

also achieved in the Aberdeen trial, which utilized a different 

docetaxel-based neoadjuvant chemotherapy regimen.7 

Similar results have been repeatedly demonstrated, thus 

establishing the role of taxanes in the neoadjuvant setting 

for breast cancer patients.

Approximately 20–25% of patients with breast cancer 

demonstrate over-amplification of the human epidermal 

growth factor receptor 2 (HER2) gene, resulting in an over-

expression of the HER2 receptor, a transmembrane tyrosine 

kinase receptor. The activation of this receptor is known 

to result in an increased activity of a variety of molecular 

pathways associated with tumor growth and progression.8 

Published data clearly demonstrate that patients with cancers 

overexpressing HER2 have a relatively worse prognosis 

independent of other clinical and pathological variables, such 

as tumor size and nodal status.9–11

Trastuzumab, a monoclonal antibody against the HER2 

receptor, was extensively studied in different combinations 

and schedules in neoadjuvant settings. Despite the various 

definitions of pCR in many of these trials, the addition of 

trastuzumab resulted in a significant improvement in pCR 

rate.12–14 pCR is increasingly used as a surrogate marker for 

better disease outcome. The correlation of pCR with improved 

disease-free survival (DFS) and overall survival (OS) has 

already been demonstrated in several studies that included 

HER2-positive patients treated with trastuzumab.15–17

The NSABP-B27 regimen is the standard neoadjuvant 

regimen at our institution.18 In this study, we report the effi-

cacy and safety of adding trastuzumab to docetaxel following 

AC in the neoadjuvant therapy of patients with high-risk, 

HER2-positive, early-stage disease.

Patients and methods
Patients’ medical records and the hospital’s database were 

searched for all consecutive HER2-positive breast cancer 

patients treated at our institution between October 2008 

and September 2015 using the neoadjuvant NSABP-B27 

chemotherapy regimen along with trastuzumab. Patients 

included were those with primary breast cancer diagnosed 

by core needle biopsy.

Clinical and pathological data collected included patients’ 

age, histopathological type and grade, lymphovascular inva-

sion, hormone receptors and HER2 status, clinical tumor 

size, lymph nodes’ status, number of chemotherapy cycles 

received, type of surgery performed following chemotherapy, 

clinical and pathological responses, and disease status at 

last follow-up visit.

Chemotherapy was given at the standard doses and 

schedules as originally reported in the NSABP-B27 study.6,19 

Four cycles of AC (adriamycin [60 mg/m2] and cyclophos-

phamide [600 mg/m2]) followed by four cycles of docetaxel 

(100 mg/m2) were given; all were delivered on the first day 

of a 3-week cycle. Dexamethasone 8 mg was given orally 

every 12 hours, starting the day before docetaxel, and con-

tinued for a total of 3 days. In addition, patients received 

ondansetron at a dose of 8 mg every 12 hours for 3 days and 

granulocyte-colony stimulating factor support starting on 

day 2 of docetaxel for 5 days.

Trastuzumab was given concomitantly with docetaxel at 

a dose of 8 mg/kg intravenously on the first day of the first 

treatment cycle, administered over 90 minutes. Subsequent 

doses were administered at a dose of 6 mg/kg over 30 minutes 

for three cycles and then continued for a total of one full 

year. Ejection fraction was followed by echocardiogram 

every 3 months.

The type of surgery intended (BCS or mastectomy) vs 

the performed surgery was reviewed. Following surgery, 

radiation therapy was given as per standard international 

guidelines. Hormonal therapy in the form of tamoxifen or 

an aromatase inhibitor (AI) was used following the comple-

tion of the planned chemotherapy for all hormone receptor-

positive patients and was continued for 5 years. High-risk, 

node-positive postmenopausal patients were offered an 

additional 5 years of AI following the completion of the 

planned first 5 years of hormonal therapy as per the published 

MA-17 trial.20

Disease responses were analyzed and reported based 

on NSABP-B27 criteria. pCR was defined as no evidence 

of invasive carcinoma in the breast at the time of surgery. 

Clinical tumor response was defined as complete if there 

was no palpable tumor in the breast or axillary lymph nodes 

at the time of surgery. Clinical partial response was defined 

as .50% clinical improvement in total tumor size while 

disease progression (PD) was defined as .50% increase in 
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the size of the tumor. Tumors that did not meet the criteria 

for partial response or PD were considered to represent stable 

disease. All patients with either progressive or stable disease 

were considered nonresponders.

Patients were seen in the medical oncology clinic prior 

to each cycle of chemotherapy for response evaluation and 

follow-up for any possible side effects or complications. 

Echocardiogram was done before starting adriamycin for 

high-risk patients and then prior to starting trastuzumab as a 

baseline and followed once every 12 weeks thereafter.

statistical methods
Patient characteristics were tabulated and described. Descrip-

tive statistics was performed for all variables. Results for 

continuous variables are expressed as median (interquartile 

range). Categorical variables are expressed as number 

(percentage). A significance level of P#0.05 was used in 

the analysis. All statistical analyses were carried out using 

the SAS software (version 9.4; SAS Institute Inc., Cary, 

NC, USA).

ethical approval
All procedures performed in studies involving human par-

ticipants were in accordance with the ethical standards of 

the institutional and/or national research committee and with 

the 1964 Declaration of Helsinki and its later amendments 

or comparable ethical standards. Given the retrospective 

nature of our study and the absence of any patient identity, 

our Institutional Review Board (IRB) granted an exemption 

from full board review. Additionally, patients’ consent to 

review their medical records was not required by our IRB.

Results
A total of 137 patients diagnosed with early-stage or locally 

advanced, HER2-positive breast cancer treated with neo-

adjuvant chemotherapy with the NSABP-B27 regimen and 

trastuzumab were retrospectively analyzed. All patients were 

females, and the median age at diagnosis was 45 (range 

24–78) years. Sixteen (11.7%) patients had inflammatory 

breast cancer and were excluded from further analysis.

The majority of the patients had high-risk pathologi-

cal features. The mean tumor size was 5.5 cm; 59 (48.8%) 

patients had T3 disease, 19 (15.7%) patients had T4 disease, 

and only two patients had T1 disease. Axillary lymph nodes 

were involved in 95 (78.5%) patients, and 69 (57.0%) patients 

had grade III disease. Hormone receptors (estrogen receptor 

and/or progesterone receptor) were positive in 88 (72.7%) 

patients; details of patient’s characteristics are summarized 

in Table 1.

The planned four cycles of AC were completed and toler-

ated in all patients, but in three (2.5%) patients, treatment was 

stopped due to the lack of response. All planned AC cycles 

were given at full dose with no delay.

Eight (6.6%) patients missed at least one cycle of doc-

etaxel; three of them refused to complete the planned treat-

ment, two of whom achieved complete clinical responses 

before completing planned docetaxel. Two patients died 

during treatment: the first was a diabetic patient who devel-

oped severe necrotizing fasciitis and the other died due to 

sudden pulmonary embolism. The remaining three patients 

had no significant clinical response, so chemotherapy was 

stopped by the treating physician. All patients received all 

planned concomitant trastuzumab with the docetaxel cycles 

with no significant adverse events.

response to treatment
Following the four cycles of AC, 108 (89.3%) patients had clin-

ical responses; 10 (8.3%) patients achieved a complete clini-

cal response, and 98 (81.0%) patients had a partial response. 

Thirteen (10.7%) patients had stable disease. Clinical 

Table 1 Patients’ characteristics

 Number %

age group (years), median: 45 (range 24–78) years
,50 82 67.8

50–59 23 19.0
$60 16 13.2

histology
Infiltrating ductal 117 96.7
Infiltrating lobular 3 2.5

clinical tumor size (cm), mean: 5.5 cm
#2 6 5.0

2.1–4 39 32.2
.4 76 62.8

gradea

i 2 1.7
ii 47 38.8
iii 69 57.0

node status
negative 27 22.3
Positive 94 77.7

hormone receptors
er positive 82 67.8
Pr positive 75 62.0
er and/or Pr positive 88 72.7
er and Pr negative 33 27.2

Type of surgeryb

Mastectomy 93 76.9
Bcs 26 21.5

Notes: aThree patients had unknown tumor grade; btwo patients did not undergo 
surgery.
Abbreviations: Bcs, breast-conserving surgery; er, estrogen receptor; Pr, pro-
gesterone receptor.
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response was further improved following the docetaxel and 

trastuzumab treatment; complete clinical response docu-

mented at the end of the docetaxel treatment was achieved 

in 58 (47.9%) patients.

Surgery was performed in 119 patients. In an intention to 

treat analysis, pCR, as defined by the original NSABP-B27 

(ypT0N0 or ypTisN0) trial, was achieved in 59 (48.8%) 

patients. However, 27 (22.3%) patients had a residual non-

invasive tumor (ductal carcinoma in situ [ypTis]). As such, 

32 (26.4%) patients of the whole group had no invasive or 

noninvasive tumor in the breast or axillary lymph nodes 

(ypT0N0). For the remainder of the discussion, the original 

NSABP-B27 definition of pCR will be used.

pCR (ypT0, Tis) was higher in hormone receptor-

negative disease compared to hormone receptor-positive 

disease (23 [69.7%] of the 33 patients vs 36 [41.9%] of the 

86 patients, respectively; P=0.018). pCR was also slightly 

higher, although not statistically significant, in smaller 

tumors, achieved in 26 (54.2%) of the 48 patients with 

tumors ,5.0 cm compared to 33 of the 71 patients (46.5%) 

with tumors $5.0 cm (P=0.119). Patients with no axillary 

lymph node involvement had a higher pCR rate, achieved 

in 16 (64.0%) of the 25 patients with negative axilla at 

diagnosis compared to 43 (45.7%) of the 94 patients with 

positive axilla at time of diagnosis (P=0.03) (Figure 1). 

Of the patients who underwent surgery, BCS was performed 

in 26 (21.8%) patients, 12 (46.2%) of whom were found to 

have a pCR.

The median DFS for the whole group was not reached. 

The 3- and 5-year DFS rates were 84.2 and 74.1%, respec-

tively (Figure 2A). The 5-year DFS was 84.7% for those 

who achieved a pCR in both the breast and axilla (pT0N0) 

compared to 70.7% for those who did not (P=0.433, 

Figure 2B).

Similarly, the median OS for the whole group was not 

reached. The 3- and 5-year OS rates were 87.2 and 83.4%, 

respectively (Figure 3A). Patients who achieved a pCR both 

in the breast and axilla had an improved 5-year survival rate 

(96.0%) compared to those who did not (80.0%). However, 

the difference was not statistically significant (P=0.220, 

Figure 3B).

Cardiac toxicity was not reported in any of the 121 

patients who received trastuzumab, and there were no addi-

tional toxicities related to trastuzumab use.

Discussion
To our knowledge, this is the first study to report on the 

efficacy and safety of trastuzumab when added to the neo-

adjuvant NSABP-B27 regimen. The use of trastuzumab in 

the neoadjuvant setting was assessed in many large clinical 

trials in patients with newly diagnosed locally advanced 

breast cancer.

The Neoadjuvant Herceptin (NOAH) trial used a complex 

combination of doxorubicin with paclitaxel followed by pacli-

taxel single agent, then cyclophosphamide, methotrexate, 

and 5-fluorouracil with or without concomitant trastuzumab 

in patients with newly diagnosed locally advanced breast 

cancer. Patients who received trastuzumab had a better pCR 

rate in breast tissue (43 vs 22%; P=0.0007) compared with 

those who received chemotherapy alone.12,13

The German Breast Group/Gynecologic Oncology Study 

Group (GeparQuattro) trial was also designed to evaluate 

the effect of trastuzumab on pCR rates in a group of breast 

cancer patients with locally advanced (T3 or T4), lymph 

node-positive tumors. All patients were scheduled to receive 

four cycles of epirubicin and cyclophosphamide (EC) and 

were then randomly assigned to one of the three treatment 

arms; the first arm received four cycles of docetaxel (EC-D), 

the second arm received four cycles of docetaxel and capecit-

abine (EC-DX), and the third arm received four cycles of 

docetaxel followed by four cycles of capecitabine on days 

1–14 (EC-D-X). Patients with HER2-positive disease, in all 

three arms, received trastuzumab started at the time of EC 

initiation and continued for 52 weeks. pCR rate, defined as 

no invasive or in situ residual tumors in the breast (ypT0), 

was achieved in 31.7% of the patients who had received 

neoadjuvant trastuzumab with chemotherapy and was not 

significantly different in any of the three arms.21
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Figure 1 pcr rate according to pretreatment characteristics.
Abbreviations: hr, hormone receptor; pcr, pathological complete response.
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Another study, the TECHNO trial, included 217 patients 

with HER2-positive breast cancer and utilized a chemotherapy 

regimen closer to the NSABP-B27 regimen with four cycles 

of EC followed by four cycles of paclitaxel and trastuzumab; 

all given every 3 weeks before surgery. Trastuzumab was 

continued after surgery to complete 1 year of treatment. pCR, 

defined as no residual invasive tumor in breast and lymphatic 

tissue, was obtained in 39% of patients.14

In our group of patients, breast conservation was done in 

only 21.5% of the patients, mostly related to the advanced 

nature of the disease at time of initial diagnosis. Almost two-

thirds of patients presented with T3 or T4 disease (64.5%), 

and the majority had lymph node involvement at time of 

presentation (78.5%). This was much higher than rates reported 

in the previously mentioned TECHNO study in which less than 

a third (29%) of the patients had T3 or T4 disease.14

The 3-year DFS and OS results (84.2 and 87.2%, respec-

tively) for our group of patients were similar to those that had 

been previously published in large clinical trials. At a median 

follow-up of 3.2 years, the 3-year event-free survival and OS 

in the previously mentioned NOAH trial were 71 and 87%, 

respectively.12 The German group also reported similar results 

in the TECHNO trial with the 3-year DFS and OS rates of 77.9 

and 89.4%, respectively, at a median follow-up of 41 months.14

Our data showed that patients who achieved a pCR had 

better DFS and OS rates. This difference, however, was not 

Figure 2 (A) Disease-free survival for all patients. (B) Disease-free survival by pcr.
Abbreviation: pcr, pathological complete response.

Figure 3 (A) Overall survival for all patients. (B) Overall survival by pcr.
Abbreviation: pcr, pathological complete response.
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statistically significant, likely due to the small number of 

patients included.

Conclusion
Trastuzumab added to the NSABP-B27 regimen is a unique 

combination. Our patient population had higher risk and 

worse prognostic features than previously reported studies. 

Despite the limitations related to relatively small number of 

patients included and the retrospective nature of the study, 

the high pCR rate achieved in our patient population supports 

our conclusion that this treatment regimen is effective. Larger 

clinical trials are needed to confirm our findings.

Disclosure
The authors report no conflicts of interest in this work.
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