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Herceptin® (Hoffman-La Roche, Switzerland), a monoclonal anti--
body that specifically targets HER2neu, is currently the only ap--
proved biological agent for the treatment of HER2-positive meta--
static breast cancer. Clinical trials with Herceptin in metastatic 
disease have shown a clear benefit in the immunohistochemistry 
of 3+ HER2-positive disease [1,2]. Response rates in patients with 
3+ and 2+ HER2 over-expression by immunohistochemistry were 
35% and 0%, respectively [3]. In combination with chemotherapy 
[4,5], Herceptin bestows a longer survival (median survival 25.1 
vs. 20.3 months, P = 0.046), which translates into a 20% decrease 
in the risk of death and a significant (25%) improvement in 
overall survival.

Patients who received Herceptin and chemotherapy as their 
first-line treatment in metastatic disease gained greater clinical 
benefits compared with patients who crossed over to Herceptin 
after progressing on chemotherapy alone [1]. These findings 
support current evidence suggesting that Herceptin combined 
with chemotherapy should be used as first-line treatment 
[1,3]. Herceptin is generally  well tolerated [1-5] and patients 
do not experience the side effects typically associated with 
chemotherapy, such as alopecia, myelosuppression, nausea 
and vomiting [1-4]. The most common side effects associated 
with Herceptin are infrequent mild to moderate infusion-related 
reaction (2%) and cardiotoxicity (4%). While they are non-desir--
able, both are manageable with standard treatment, although 
patients at risk must be identified prior to the initiation of 
therapy [5].

Based on the higher response rate with Herceptin and chemo--
therapy combinations in the metastatic setting, and taking into 
consideration the cardiotoxicity of combinations, several trials 
have been initiated to explore Herceptin in the adjuvant and 
neoadjuvant setting. This review will cover the adjuvant trials 
– four major and some smaller ones in different combinations 
and schedules – and briefly describe several neoadjuvant trials. 

Adjuvant trials
The major trials currently underway are the NSABP (National 
Surgical Adjuvant Breast and Bowel Project trial B-31), NCCTG 
(North Cancer Center Therapy Group Inter-group trial N9831), 
BCIRG (Breast Cancer International Research Group trial 006), 
HERA (Herceptin Adjuvant Trial), and ECOG (The Eastern 
Collaborative Group Trial).

E2198 and FACS04 (Belgium and France)
The four large Herceptin adjuvant trials plan to enrol more than 
12,000 early breast cancer patients to establish its efficacy and 
role in the adjuvant setting, its safety profile, and the optimal 
duration of therapy. They were designed to address a broad 
range of therapeutic strategies currently used in the adjuvant 
setting and to investigate the benefit that Herceptin can offer to 
women with HER2-positive early primary breast cancer. They are 
attempting to address different issues associated with Herceptin 
use in this patient population, i.e., its efficacy in positive and/or 
negative lymph nodes, its use in the adjuvant and neoadjuvant 
setting, its administration concomitantly or after chemotherapy, 
and the desired administration duration (i.e., 1 or 2 years, 
weekly, or every 3 weeks) [Table 1]. Finally, it must be borne in 
mind that some of the patients in this population can be cured 
with conventional treatment, such as anthracyclines and cyclo--
phosphamide, alone or in combination with taxanes – Taxol® 
(Bristol-Myers Squibb, USA) or Taxotere® (Aventis Pharma, USA). 
Another aspect to remember is that Herceptin is a drug that has 
some cardiotoxicity, especially after anthracycline combination 
treatment and chest wall irradiation.
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Table 1. Comparison of the four main Herceptin adjuvant trials

Trial
Target 
accrual

Patient  
selection

Follow-up 
phase (yrs)

Primary 
endpoint

Results interim 
analysis

NSABP B-31 2700 Node+, IHC3+ or 

FISH+

15 OS OS (3 yrs) 

– HR 0.67

DFS (3 yrs) 

– HR 0.47

NCCTG/N9831 3300 Node+ and -, 

IHC3+ or FISH+

15 DFS Results 

together with 

NSABP

B-31

BCIRG 006 3150 Node+ and -, 

FISH+

12–15 DFS NA

HERA trial 3192 

enrolled 

5090

Node+ and -, 

IHC3+ or FISH+

10 DFS OS (3 yrs) 

– HR 0.76

DFS (3 yrs) 

– HR 0.51

NSABP = National Surgical Adjuvant Breast and Bowel Project trial B-31, NCCTG = North 

Cancer Center Therapy Group Inter-group trial N9831, BCIRG = Breast Cancer Internatio-

nal Research Group, HERA = Herceptin Adjuvant Trial IHC = immunohistochemistry, OS 

= overall survival, DFS = disease-free survival, HR = hazard ratio
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The NSABP Trial B-31
The NSABP trial B-31 is investigating the addition of Herceptin 
to paclitaxel following postoperative administration of adriamycin/ 
cyclophosphamide in node-positive, Her-2neu-positive breast 
cancer patients. Eligible patients must have normal cardiac 
function at baseline and no prior history of cardiac disease. The 
use of adriamycin/cyclophosphamide followed by a taxane is 
standard treatment for node-positive primary breast cancer, while 
the role of taxanes in postmenopausal women with positive 
hormone receptors (estrogen/progesterone) tumors is debatable 
[unpublished data, San Antonio, USA, 2004]. Recruitment of the 
expected 2700 women began in March 2000, and the study is 
now closed.

Study objectives. The primary objective of stage I of the study is 
to compare the cardiotoxicity of four cycles of AC followed by 
four cycles of Taxol with or without Herceptin in patients who 
have node-positive breast cancer with over-expressed Her-2 
protein. The primary endpoint of stage II of the study is to 
determine whether the addition of 1 year of weekly Herceptin 
to AC followed by Taxol with or without Tamoxifen improves 
overall survival. The secondary endpoint is to determine if 
the addition of 1 year of Herceptin changes disease-free 
survival. The study also intends to evaluate the prognostic 
and predictive value of phosphorylated HER2 receptor, the 
prognostic and predictive value of shed extracellular domain, 
concordance between different HER2 assays (i.e., immu--
nohistochemistry versus fluorescent in situ hybridization), 
changes in HER2-phosphorylated receptor, the extracellular 
domain levels, and the extent of HER2neu over-expression 
upon relapse.

Study inclusion criteria. Patients with histologically/cytologically 
proven invasive adenocarcinoma of the breast with at least 
one positive axillary node and known hormone receptor sta--

NSABP = National Surgical Adjuvant Breast and Bowel Project 
AC = adriamycin/cyclophosphamide

tus (estrogen/progesterone receptors) in HER2 over-expressed 
(immunochemistry 3+ or FISH+) would be enrolled. 

Study design. Women with operable breast cancer HER2-positive 
tumor and pathologically positive axillary nodes were random--
ized into one group receiving AC x4 plus paclitaxel x4 and 
one group receiving AC x4 plus paclitaxel x4 + Herceptin. 
Herceptin will be administered according to the usual recom--
mendation: a loading dose of 4 mg/kg in week 1 followed 
by a maintenance dose of 2 mg/kg weekly (up to 1 year of 
treatment). 

Study analysis. The first interim analysis of the trial (n=1000) 
was designed to establish the incidence of cardiotoxic--
ity and determine the safety profile of paclitaxel plus 
Herceptin following AC therapy. Interim safety cardiac 
analysis was planned following accrual of 100, 300 and 500 
patients to each treatment arm. The protocol dictated that 
if the incidence of cardiotoxicity was within set limits, the 
trial would proceed to step II, when a further 1700 patients 
would be recruited for evaluation. Interim efficacy analyses 
were planned after 96, 192 and 384 events. The main ef--
ficacy analysis already took place after the 480th event. The 
trial was also designed to determine the prognostic and 
predictive value of phosphorylated HER2 and shed HER2 
extracellular domain, and the concordance between immu--
nohistochemistry and FISH for HER2 status determination. 
An independent Data Monitoring Committee conducts interim 
safety analyses every 6 months [Table 2]. At the first one, 
the incidence of adverse events was similar in both arms 
of the trial: the incidence of grade 2 toxicity was slightly 
higher in patients who received paclitaxel plus Herceptin 
compared with patients who received paclitaxel alone (47% 
vs. 40%, respectively); grade 3 toxicity was similar in both 
arms (31% vs. 32%) and grade 4 was lower in the paclitaxel 
plus Herceptin arm compared with the paclitaxel arm (2% vs. 
6%, respectively) [6]. Following the first two interim cardiac 

FISH = fluorescent in situ hybridization

Table 2. Herceptin adjuvant trials: interim safety analyses

Trial

NSABP First cardiac safety analysis, October 2001 (n=200) 

Second cardiac safety analysis, November 2002 (n=600) 

NCCTG First analysis, June 2002 (n=1,052)

BCIRG First cardiac safety analysis, March 2003 (n=300)

Second cardiac safety analysis, September 2003 (n=900)

Third cardiac safety analysis, February 2004 (n=1,500)

HERA First safety analysis, June 2003 (n=300)

Second safety analysis, September 2003 (n=600)

Third cardiac safety analysis, November 2003 (n=900)

NSABP = National Surgical Adjuvant Breast and Bowel Project trial B-31, NCCTG = 

North Cancer Center Therapy Group Inter-group trial N9831, BCIRG = Breast Cancer 

International Research Group, HERA = Herceptin Adjuvant Trial

In patients with axillary lymph node-
positive breast cancer who over-express 
HER-2 (IHC 3+ or FISH amplified at the 
level of ≥ 2.1), trastuzumab should be 
incorporated into the adjuvant therapy. 
Trastuzumab should also be considered  
for patients with lymph node-negative 
tumors ≥ 1 cm. 
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safety analyses, the committee concluded that the incidence 
of cardiotoxicity in both arms of the study remains within 
acceptable limits.

NCCTG Inter-Group Trial N9831
The NCCTG Inter-Group Trial N9831 is investigating the addi--
tion of Herceptin to 12 weekly paclitaxel infusions after 4xAC 
in women with early node-positive and high risk node-negative 
breast cancer tumor with HER2 over-expression (immunohisto--
chemistry 3+ or FISH positive). The trial plans to recruit 3300 
women over a period of 4.5 years. 

Objectives. The primary objectives are disease-free survival and 
cardiotoxicity, and the secondary objectives are overall sur--
vival, evaluation of whether HER1 or HER2 levels at baseline 
are prognostic for disease-free survival and overall survival, 
and concordance of immunohistochemistry (HercepTest®) 
with FISH (Vysis™).

Study design. Taxanes as adjuvant treatment will be given weekly 
(and not once every 3 weeks). This randomized three-arm 
trial, led by the NCCTG, proposes to investigate standard 
doxorubicin (60 mg/m2) plus cyclophosphamide (600 mg/m2) 
every 3 weeks for four cycles followed by weekly paclitaxel for 
12 weeks, weekly paclitaxel for 12 weeks followed by weekly 
Herceptin for 52 weeks, and weekly paclitaxel plus Herceptin 
for 12 weeks followed by weekly Herceptin for 40 weeks.

Study analysis. The trial was designed to assess disease-free 
survival in the three arms with a final follow-up at 15 years. 
The trial will also enable the incidence of cardiotoxicity to 
be determined in patients receiving Herceptin immediately 
following AC therapy compared with those receiving Herceptin 
following Taxol. The AC followed by paclitaxel plus Herceptin 
arm of the Inter-group trial was temporarily suspended in 
January 2002 and restarted following completion of the first 
interim safety analysis in June 2002 (n=1052). This analysis 
demonstrated that the rate of congestive heart failure be--
tween each treatment arm and the control arm was below 
the pre-specified limit of 4%. Thus, the Data Monitoring 

NCCTG = North Cancer Center Therapy Group  
BCIRG = Breast Cancer International Research Group

Committee recommended continuation of accrual to the three 
original arms. Further cardiac safety analysis was planned to 
be based on the pre-specified plan when 100, 300 and 500 
patients have been followed for 6 months after completion of 
AC chemotherapy. Safety analyses are based on a three-way 
comparison between the control versus each investigational 
treatment, and between the two investigational Herceptin 
arms. The information that has been collected to date on 
cardiotoxic events from previous investigations is limited. 
Unpublished data on a combined analysis of the above two 
studies, i.e., NSABP B-31 and NCCTG N9831, were presented 
at the ASCO meeting 2005 (Orlando, Florida, USA). They were 
based on a median follow-up of 2 years, with disease-free 
survival as the primary endpoint and overall survival and first 
distant recurrence as secondary endpoints. The first interim 
analysis was to take place after 355 disease-free events and 
the final analysis after 710 events. The results presented in 
a special session of the ASCO meeting were very impressive 
[Table 3]. 

The BCIRG Trial 006
This is a global multicenter randomized phase III trial that is 
investigating Herceptin in the adjuvant setting in 3150 women 
(1050 per treatment arm). This study is looking into the use 
of docetaxel (Taxotere), and not paclitaxel (the drug commonly 
administered in the U.S.), as well as the inclusion of the very 
innovative arm that includes docetaxel, platinum and Herceptin 
(detailed arms will be mentioned later). The protocol consists 
of weekly Herceptin concurrently with docetaxel for six courses 
followed every 3 weeks thereafter until 1 year of therapy has 
been completed. The trial began recruiting patients in March 
2001 and is now closed.

Objectives. The primary objective is to compare disease-free 
survival in each arm. The secondary objectives include com--
parison of overall survival, cardiotoxicity, safety and quality of 
life between the three treatment arms.

Table 3. DFS significantly longer among doxorubicin/cyclophosphamide 
+ paclitaxel/trastuzumab patients vs. doxorubicin/cyclophosphamide + 
paclitaxel patients

3 and 5 year 
survival (%)

Doxorubicin/ 
cyclophosphamide + 
paclitaxel/trastuzumab

Doxorubicin/ 
cyclophosphamide + 
paclitaxel

Hazard ratio 
(2-sided 
P  value)

NSABP B-31 Trial

3 yrs 87 74 0.45 (1 x 10-9)

5 yrs 85 66

NCCTG N9831 Trial

3 yrs 87 78 0.55 (.0005)

5 yrs 86 68

NSABP B-31 + NCCTG 

N9831

3 yrs 87 75 0.48 (3 x 10-12)

5 yrs 85 67

Trastuzumab may be given concurrently with 
paclitaxel as part of the AC followed by the 
paclitaxel regimen, or alternatively after the 
completion of chemotherapy, for 1 year,  
with cardiac monitoring and on a weekly or 
3 weekly schedule
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Study Inclusion Criteria. The study cohort consists of women 
with node-positive and high risk node-negative HER2-positive 
primary breast cancer (tested by FISH in two laboratories, 
one in North America and one in Europe). 

Study Design. The patients were randomized to one of three 
treatment arms: a) AC x4 every 3 weeks followed by docetaxel 
x4 every 3 weeks, b) AC x4 followed by docetaxel x4 every 
3 weeks (over 21 weeks) plus Herceptin for 1 year, and c) 
docetaxel plus carboplatin x6 every 3 weeks (over 18 weeks) 
followed by Herceptin for 1 year. Herceptin was administered 
on a weekly basis in combination with chemotherapy for 1 
year and once every 3 weeks thereafter. The unique docetaxel, 
carboplatin and Herceptin arm is based on the observed 
synergies of these chemotherapeutic agents with Herceptin in 
vitro [7,8]. The addition of a platinum analogue to Herceptin 
in combination with paclitaxel has been shown to improve 
outcome in patients with metastatic breast cancer [9] and 
can prevent the associated cardiotoxicity.

Study analysis. Interim and main efficacy analyses were planned 
to take place after 654 and 1308 events had been observed, 
respectively. In addition, cardiac safety analyses would be car--
ried out after 100, 300 and 500 patients had been randomized 
to each treatment arm. A final follow-up at 10 years following 
recruitment of the last patient is also planned.

The HERA Trial
The HERA Trial is an international (non-USA) randomized three-
arm study involving approximately 600 participating centers 
that is being managed by the Breast International Group and 
Hoffman-La Roche, Ltd. The recruitment of the anticipated 3192 
(1064 per arm) patients has been completed. 

Study Objectives. The primary objective is to compare disease-
free survival in patients treated with Herceptin for 1 and 2 
years compared with patients who receive no drug therapy 
other than standard chemotherapy during the same period. 
The secondary objectives are overall survival, relapse-free 
survival and distant disease-free survival as well as 1 year 
of Herceptin versus observation compared to 2 years of 
Herceptin versus observation. The two patient groups will be 
compared for safety and tolerability and incidence of cardiac 
dysfunction, and the efficacy and safety will be compared 
between 1 and 2 years of Herceptin treatment. 

HERA = Herceptin Adjuvant Trial

Study Inclusion Criteria. The study population consists of women 
with early breast cancer with positive or negative nodes, 
HER2 over-expression (immunohistochemistry 3+ or FISH 
positive), and known hormonal receptor status after accept--
able adjuvant chemotherapy

Study Design. Herceptin monotherapy will be investigated for 
1 or 2 years in comparison with observation after accept--
able adjuvant chemotherapy. The follow-up period will last 
10 years starting from the time the last patient is enrolled. 
Unlike the other studies, acceptable chemotherapy includes 
a large variety of combinations according to each center’s 
therapeutic protocol, but with some limitations. It is the only 
adjuvant trial investigating Herceptin treatment administered 
every 3 weeks (8 mg/kg loading dose followed by 6 mg/kg) 
from the onset, a schedule that is feasible based on the 
Herceptin half-life of 28.5 days. 

Study Analysis. Also unlike the other three major adjuvant tri--
als, the patients entered into the HERA trial had received 
one of a number of prior adjuvant anthracycline-based or 
non-anthracycline-based regimens. Since enrollment of the 
first patient in December 2001, an interim analysis of cardiac 
endpoints was planned after the first 300, 600 and 900 pa--
tients had been enrolled and treated for 6 months. Interim 
and final efficacy data analyses are planned after 475 and 951 
events. In addition to the main protocol, a cardiac sub-study 
(n=800) will correlate the presence of natriuretic peptides and 
pro-inflammatory cytokines with changes in left ventricular 
ejection fraction and congestive heart failure. Furthermore, a 
pharmacokinetics substudy (n=60) will investigate and com--
pare the pharmacokinetics of Herceptin administered every 3 
weeks for 1 or 2 years.

The unique features of the HERA study are: investigating the 
role of Herceptin independent of the chemotherapy regimen, 
evaluating 2 years of Herceptin treatment, and administering 
the drug at a schedule of every 3 weeks from the start, which is 
more convenient than once weekly and gives the patient a similar 
exposure to Herceptin as weekly administration of lower doses.

Unpublished data were presented at the last ASCO meeting 
(2005) [Table 3]. With a median follow-up of 2 years, the interim 
analysis results were as follows: 
•  Trastuzumab given every 3 weeks for 1 year following 

adjuvant chemotherapy significantly prolongs disease-free 
survival (hazard ratio = 0.54, P = 0.0001) and relapse-free 
survival (hazard ratio = 0.50, P = 0.0001) for women with 
HER-2-positive early breast cancer

•   Trastuzumab therapy is associated with a low incidence of 
severe symptomatic congestive heart failure; longer follow-up 
is needed to better quantify this risk

•   All patients continue to be followed for long-term safety: 
patients in the observation arm will be offered trastuzumab 
(a very unusual procedure)

•   Results on optimal trastuzumab duration (1 vs. 2 years) 
should be available by 2008. 

In neoadjuvant chemotherapy trastuzumab 
should be considered.
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Neoadjuvant Trials
Preoperative chemotherapy is a well-established strategy in the 
treatment of early breast cancer. Its main purpose is to decrease 
the need for major surgery (lumpectomy instead of mastectomy), 
and its benefit for survival has been extensively investigated. 
Several ongoing trials are investigating the potential role for 
Herceptin in the neoadjuvant setting, enabling the evaluation 
of biological as well as clinical endpoints. Using Herceptin in 
the neoadjuvant setting for patients with HER-2-positive disease 
could reduce the extent of major surgery even further and pro--
vide insight into the biology of HER-2-positive disease. It may 
also lower the risk of treatment failure and improve survival in 
women with HER-2-positive disease. Data from initial Herceptin 
neoadjuvant trials are promising. 

The NOAH Trial 
The NOAH (NeoAdjuvant Herceptine) randomized trial is investi--
gating doxorubicin plus paclitaxel followed by paclitaxel followed 
by cyclophosphamide methotrexate 5-FU with or without Herceptin 
every 3 weeks for 1 year after surgery in women with operable 
HER-2-positive T1-3, N0-1, M0 breast cancer. The study objectives 
are to compare pathologic complete response rates in breast and 
axilla following chemotherapy alone or followed by Herceptin. The 
endpoints of this trial include clinical response, progression-free 
survival, overall survival, and safety of the two regimens.

An unscheduled review board met in October 2003 to investi--
gate the impressively high complete pathologic response of 47%. 
Their findings showed that the pathologic complete response 
was 25% for the treatment arm of chemotherapy alone. Following 
that meeting, it was decided to close the trial because of the 
compelling evidence that showed higher chances of pathologic 
complete response in the treatment arm of chemotherapy plus 
Herceptin: the addition of Herceptin to taxane and anthracyclines 
significantly increased the pathologic complete response rates in 
patients with HER-2-positive breast cancer. There was no observ--
able clinical cardiac toxicity.

Herceptin and paclitaxel with and without carboplatin [9]
In a phase 3 comparative study patients with HER-2-positive 
(2+ or 3+ by immunohistochemistry) stage II or III breast cancer 
received preoperative Herceptin (4 mg/kg x mg/kg/week x 11) 
in combination with paclitaxel (175 mg/m2 every 3 weeks) with 
or without carbolatinum. The patients then received adjuvant 
doxorubicin and cyclophosphamide chemotherapy following 
definitive breast surgery. The clinical and pathologic response 
rates were determined after preoperative therapy. LVEF and 
circulating levels of HER-2 extracellular domain were measured 
serially. Trastuzumab+paclitaxel+carboplatinum was superior to 
trastuzumab+paclitaxel in terms of response and time to progres--
sion, and had acceptable toxicity.

M.D. Anderson Trial – (Dr. A. Budzar [10]) 
This study on neoadjuvant chemotherapy,comparing chemotherapy 

LVEF = left ventricular ejection fraction

alone with the same chemotherapy combined with Herceptine 
in operable breast cancer with HER-2-positive disease is the 
most impressive. The overall complete pathologic response rate 
was 25% for chemotherapy alone and 66.7% for chemotherapy 
plus Herceptin. There was no unexpected treatment-related non-
cardiac toxicity. Four patients developed grade 2 cardiotoxicity 
(asymptomatic declines in their LVEF). It should be noted that 
Herceptin was administered concurrently with paclitaxel and epi--
rubicin, a possible cardiotoxic combination. The baseline HER-2 
extracellular domain was elevated in two patients and declined 
to normal values with the preoperative therapy [Table 4]. 

Conclusions
HER2NEU-positive breast cancer is an aggressive form of disease 
that is associated with a particularly poor outcome. Clinical trials 
have shown that the anti-HER2 monoclonal antibody, Herceptin, 
is an effective treatment for HER-2-positive metastatic breast 
cancer: it is known that the earlier the drug is administered, 
the better its effect. Based on this concept, it is logical to ap--
ply the use of Herceptin in the primary setting (adjuvant and 
neoadjuvant treatment). Currently, there is no gold standard 
adjuvant breast cancer treatment. While AC followed by a taxane 
is standard for node-positive disease in North America, the role 
of Taxol in postmenopausal women with positive lymph nodes 
is controversial, and many alternative regimens are being used 
in Europe and the rest of the world. This is the first major dif--
ference between the American Joint analysis and the European 
trial (HERA). The four main Herceptin adjuvant trials take into 
account the number of possible regimens in current use and will 
go far to ensure that the efficacy and safety of Herceptin in the 
adjuvant setting will be determined as expediently as possible. 
Several years will be needed for completion of these studies due 
to the large number of participants. The interim analysis of the 
first three studies is very impressive and, for the first time in the 
history of breast cancer treatment, we have in the therapeutic 
arsenal a targeted drug that improves the results of the classical 
hormonal treatment and chemotherapy. It is anticipated that 
Herceptin will offer women with HER-2-positive primary disease 
enhanced overall survival without significantly compromising their 
quality of life. Not enough time has elapsed to determine the 
effect of 2 years of treatment with Herceptine: this will be the 
second contribution of the HERA trial.

Table 4. Adverse events: cardiac safety data

Events
Pac → FEC 
alone (n=19)

Pac → FEC plus 
Her (n=23)

Congestive heart failure 0 0

> 10% decrease in LVEF

Decrease on paclitaxel

Decrease on FEC

5

0

5

7

4

3

Improvement in LVEF on follow-up 

   evaluation

2 3

Abnormal troponin T levels 0 1

Pac→ FEC = paclitaxel followed by 5FU epirubicin cyclophosphamide
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The question concerning the neoadjuvant setting is more 
complicated: although the published studies are very impressive, 
especially the ones on the complete pathologic response in the 
breast and a lesser response in the lymph nodes as well as those 
showing that the toxicity is not different from other regimens, the 
numbers of these studies are very few and they include relatively 
few treated patients in randomized trials.

As far as we know, trastuzumab given every 3 weeks following 
chemotherapy significantly prolongs disease-free survival and 
relapse-free survival and significantly reduces the risk of distant 
metastases for women with HER-2-positive early breast cancer, 
independent of the patient’s baseline characteristics (e.g., nodal 
status, hormone receptor status) and we have enough data to 
strongly recommend the use of Herceptin in the adjuvant setting 
in this high risk population. Secondly, trastuzumab therapy is 
associated with some risk of cardiac toxicity; longer follow-up 
is needed to better quantify this risk. Thirdly, it is currently not 
possible to recommend the use of combined treatment in the 
neoadjuvant setting.
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Patients from different ethnic groups have different risks 
for adverse reactions to cardiovascular drugs. McDowell 
and colleagues carried out a meta-analysis of 24 studies 
containing information on adverse reactions to cardiovascular 
drugs in at least two different ethnic groups. Among other 
differences, they found that black patients had a relative 
risk of angio-edema due to angiotensin-converting enzyme 

inhibitors of 3.0 compared with non-black patients, and a 
relative risk of intracranial hemorrhage due to thrombolytic 
drugs of 1.5. Given these results, studies investigating drug 
treatment should report racial and ethnic classification 
more fully.

B Med J 2006;332:1177
Eitan Israeli

Capsu le

Ethnicity can affect risk of adverse drug reactions

It is easy enough to be friendly to one’s friends. But to befriend the one who regards himself 
as your enemy is the quintessence of true religion. The other is mere business.

Mahatma Gandhi (1869-1948), Indian nationalist Ieader who promoted civil 
disobedience to attain independence from Britian, whose empire had long ruled India.
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