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ABSTRACT
Background The HER2 gene, which encodes the
growth factor receptor HER2, is amplified and HER2
is overexpressed in 25 to 30 percent of breast cancers,
increasing the aggressiveness of the tumor.
Methods We evaluated the efficacy and safety of
trastuzumab, a recombinant monoclonal antibody
against HER2, in women with metastatic breast cancer that overexpressed HER2. We randomly assigned
234 patients to receive standard chemotherapy alone
and 235 patients to receive standard chemotherapy
plus trastuzumab. Patients who had not previously received adjuvant (postoperative) therapy with an anthracycline were treated with doxorubicin (or epirubicin in the case of 36 women) and cyclophosphamide
with (143 women) or without trastuzumab (138 women). Patients who had previously received adjuvant
anthracycline were treated with paclitaxel alone (96
women) or paclitaxel with trastuzumab (92 women).
Results The addition of trastuzumab to chemotherapy was associated with a longer time to disease progression (median, 7.4 vs. 4.6 months; P<0.001), a higher rate of objective response (50 percent vs. 32 percent,
P<0.001), a longer duration of response (median, 9.1
vs. 6.1 months; P<0.001), a lower rate of death at 1 year
(22 percent vs. 33 percent, P=0.008), longer survival
(median survival, 25.1 vs. 20.3 months; P=0.046), and
a 20 percent reduction in the risk of death. The most
important adverse event was cardiac dysfunction,
which occurred in 27 percent of the group given an
anthracycline, cyclophosphamide, and trastuzumab;
8 percent of the group given an anthracycline and
cyclophosphamide alone; 13 percent of the group
given paclitaxel and trastuzumab; and 1 percent of
the group given paclitaxel alone. Although the cardiotoxicity was potentially severe and, in some cases,
life-threatening, the symptoms generally improved
with standard medical management.
Conclusions Trastuzumab increases the clinical
benefit of first-line chemotherapy in metastatic breast
cancer that overexpresses HER2. (N Engl J Med 2001;
344:783-92.)
Copyright © 2001 Massachusetts Medical Society.

D

ESPITE advances in the diagnosis and
treatment of breast cancer, more than
44,000 women in the United States will
die this year of metastatic disease.1,2 Although objective responses to some chemotherapy
regimens are common, few patients with metastatic
disease are cured,3,4 and treatments frequently cause
substantial adverse effects.
A growth factor receptor gene,5-7 human epidermal
growth factor receptor (HER2), is amplified in 25 to
30 percent of breast cancers and in these cases the encoded protein is present in abnormally high levels in
the malignant cells.8,9 Women with breast cancers that
overexpress HER2 have an aggressive form of the disease with significantly shortened disease-free survival
and overall survival.8-12 Laboratory studies indicate that
amplification of HER2 has a direct role in the pathogenesis of these cancers,13-17 thereby providing investigators with an opportunity to target a therapeutic
agent directly against the alteration.
Several murine monoclonal antibodies against the
extracellular domain of the HER2 protein were found
to inhibit the proliferation of human cancer cells that
overexpressed HER2, both in vitro and in vivo.18-20
To minimize immunogenicity, the antigen-binding region of one of the more effective antibodies was
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fused to the framework region of human IgG21 and
tested against breast-cancer cells that overexpressed
HER2 in vitro and in vivo.21,22 This antibody, called
trastuzumab, inhibited tumor growth when used
alone4 but had synergistic effects 20,22-24 when used in
combination with cisplatin and carboplatin, 20,23 docetaxel,24 and ionizing radiation25 and additive effects
when used with doxorubicin, cyclophosphamide,
methotrexate, and paclitaxel.22-26
Phase 1 clinical trials showed that the antibody is
safe and confined to the tumor (unpublished data).
Subsequent phase 2 trials demonstrated that many
women with HER2-positive metastatic disease who
had relapsed after chemotherapy had a response to
trastuzumab 27,28; as suggested by the preclinical data,
the efficacy of trastuzumab when given with chemotherapy was superior to its effectiveness when used
alone.28,29 We report the results of a phase 3 trial in
which women with cancers that overexpressed HER2
who had not previously received chemotherapy for
metastatic disease were randomly assigned to receive
either chemotherapy alone or chemotherapy plus trastuzumab. The primary end points of the study were
the time to disease progression and the incidence of
adverse effects. Secondary end points were the rates
and the duration of responses, the time to treatment
failure, and overall survival.
METHODS
Patients
Women with progressive metastatic breast cancer that overexpressed HER2 who had not previously received chemotherapy for
metastatic disease were eligible for the study. Written informed consent was obtained from all patients. The level of expression of HER2
was determined by immunohistochemical analysis in a central laboratory. Only patients who had weak-to-moderate staining of the
entire tumor-cell membrane for HER2 (referred to as a score of 2+)
or more than moderate staining (referred to as a score of 3+) in
more than 10 percent of tumor cells on immunohistochemical analysis were eligible for the study.
Patients were excluded if they had bilateral breast cancer, untreated brain metastases, osteoblastic bone metastases, pleural effusion or ascites as the only evidence of disease, a second type of primary cancer, or a Karnofsky score of less than 60. Patients were also
excluded if they were pregnant or had received any type of investigational agent within 30 days before the study began.
Treatments
Patients were randomly assigned to receive either chemotherapy
alone or chemotherapy plus trastuzumab. Chemotherapy consisted
of an anthracycline (doxorubicin at a dose of 60 mg per square
meter of body-surface area or epirubicin at a dose of 75 mg per
square meter) plus cyclophosphamide (at a dose of 600 mg per
square meter) for patients who had never before received an anthracycline, or paclitaxel (at a dose of 175 mg per square meter) for
patients who had received adjuvant (postoperative) anthracycline.
Doxorubicin or epirubicin plus cyclophosphamide or paclitaxel was
administered once every three weeks for six cycles, and additional
cycles were administered at the investigator’s discretion. Trastuzumab was administered intravenously in a loading dose of 4 mg per
kilogram of body weight, followed by a dose of 2 mg per kilogram once a week, until there was evidence of disease progression.
On the detection of disease progression, patients were given the

option of entering a nonrandomized, open-label study in which
trastuzumab was administered at the same doses alone or in combination with other therapies. Sixty-six percent of such patients
elected to do so.
Efficacy
Patients were evaluated for a response at weeks 8 and 20 and
then at 12-week intervals. The determinations were made by the
members of an independent response-evaluation committee, who
were unaware of the patients’ treatment assignments. A complete
response was defined as the disappearance of all tumor on the basis of radiographic evidence, visual inspection, or both. A partial
response was defined as a decrease of more than 50 percent in the
dimensions of all measurable lesions. Disease progression was defined as an increase of more than 25 percent in the dimensions
of any measurable lesion. The primary study end point was the time
to disease progression. Prespecified secondary end points were the
rate of objective response, the duration of a response, the time to
treatment failure (a composite of disease progression, death, discontinuation of treatment, and the use of other types of antitumor
therapy), and survival as of October 1999.
Adverse Events
Clinical assessments were performed at base line, at specified
times, and at the time the patient was removed from the study.
Adverse events were classified as mild, moderate, or severe. An independent cardiac evaluation committee whose members were unaware of patients’ treatment assignments assessed the incidence,
severity, treatment, and outcome of cardiac dysfunction. Abnormalities in laboratory values were classified by the grading system
of the World Health Organization and cardiac dysfunction by the
criteria of the New York Heart Association.
Statistical Analysis
We estimated that 450 patients would be needed in order for the
study to detect at a power of 90 percent a 50 percent increase in
the median time to disease progression, given a median time to progression of eight months in the subgroups receiving chemotherapy
alone and a significance level of 0.05 with the use of a two-tailed
log-rank test. All end points were analyzed according to the intention-to-treat principle. The primary analysis of all efficacy variables
was performed on data pooled from both chemotherapy regimens.
Additional analyses were performed within each chemotherapy
group. The time to the various end points was analyzed with the use
of Kaplan–Meier methods, and a two-sided log-rank test was used
to compare the groups. The rate of objective response was analyzed
with the use of normal approximation methods; a two-sided chisquare test was used to compare the groups.

RESULTS
Characteristics of the Patients

We enrolled 469 patients between June 1995 and
March 1997 (Table 1); 5 patients were never treated:
2 declined treatment, 1 died before treatment was
begun, 1 had disease progression at enrollment, and
1 was enrolled inadvertently. The median time in the
study was 40 weeks (range, 1 to 127) in the group
given chemotherapy plus trastuzumab, as compared
with 25 weeks (range, 1 to 131) in the group given
chemotherapy alone, reflecting the longer time to disease progression in the group that received combination treatment. The median number of doses of trastuzumab was 36 (range, 1 to 98).
The base-line characteristics of the patients were
similar among the treatment groups. Stratification
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TABLE 1. BASE-LINE CHARACTERISTICS

CHARACTERISTIC

Age — yr
Mean ±SD
Range
Karnofsky score — no./no. analyzed (%)
90–100
60–80
Median no. of positive lymph nodes
at diagnosis
Prior therapy — no./no. analyzed (%)
Adjuvant chemotherapy
Hormonal therapy (as adjuvant, for
metastasis, or both)
Radiotherapy (as adjuvant, for metastasis, or both)
Median disease-free interval — mo
Degree of overexpression of HER2
— no./no. analyzed (%)‡
2+
3+
No. of metastatic sites at enrollment
— no./no. analyzed (%)
«1
2
»3

OF THE

PATIENTS.

AN ANTHRACYCLINE, AN ANTHRACYCLINE AND
CYCLOPHOSPHAMIDE,
CYCLOPHOSPHAMIDE
ALONE
AND TRASTUZUMAB
(N=143)*
(N=138)†

54±10.3
27–76

54±10.1
25–75

PACLITAXEL
AND

TRASTUZUMAB
(N=92)

PACLITAXEL
ALONE
(N=96)

51±11.5
25–77

51±11.0
26–73

91/138 (66)
47/138 (34)
1.0

89/135 (66)
46/135 (34)
0.5

68/90 (76)
22/90 (24)
5.0

61/94 (65)
33/94 (35)
6.0

81/142 (57)
88/142 (62)

50/136 (37)
76/134 (57)

88/91 (97)
49/89 (55)

95/95 (100)
53/95 (56)

69/143 (48)

76/136 (56)

60/89 (67)

72/95 (76)

24.5

22.8

22.4

18.9

35/143 (24)
108/143 (76)

42/138 (30)
96/138 (70)

24/92 (26)
68/92 (74)

19/96 (20)
77/96 (80)

48/143 (34)
38/143 (27)
57/143 (40)

49/136 (36)
48/136 (35)
39/136 (29)

31/91 (34)
32/91 (35)
28/91 (31)

27/95 (28)
35/95 (37)
33/95 (35)

*Twenty of these patients received epirubicin rather than doxorubicin.
†Sixteen of these patients received epirubicin rather than doxorubicin.
‡A score of 2+ indicated that more than 10 percent of tumor cells had weak-to-moderate staining of the entire membrane for HER2 on immunohistochemical analysis, and a score of 3+ that more than 10 percent of tumor cells had more
than moderate staining for HER2 on immunohistochemical analysis.

on the basis of a history of adjuvant anthracycline
treatment resulted in differences between the subgroups given an anthracycline and cyclophosphamide
and the subgroups given paclitaxel. Patients who received paclitaxel had more involved lymph nodes at
diagnosis and were more likely to have received adjuvant high-dose chemotherapy with stem-cell or marrow support than patients who received an anthracycline and cyclophosphamide. Of the 235 patients who
received trastuzumab, 216 (92 percent) received at
least 80 percent of the planned infusions and fewer
than 5 percent required a delay in treatment or a reduction in doses of the chemotherapy. The final analysis of the primary end points was performed nine
months after the enrollment of the last patient. Survival was analyzed 31 months after enrollment ended. The median duration of follow-up was 30 months
(range, 30 to 51).
Efficacy

The median time to disease progression in the
group assigned to chemotherapy plus trastuzumab
was 7.4 months, whereas in the group given chemotherapy alone it was 4.6 months (P<0.001) (Table 2

and Fig. 1). This difference was evident in both the
subgroup that received an anthracycline, cyclophosphamide, and trastuzumab (median time to progression, 7.8 months, as compared with 6.1 months in the
subgroup given only an anthracycline and cyclophosphamide; P<0.001) and the subgroup that received
paclitaxel and trastuzumab (median time to progression, 6.9 months, as compared with 3.0 months in
the group given paclitaxel alone; P<0.001) (Fig. 1).
As compared with chemotherapy alone, treatment
with chemotherapy plus trastuzumab was associated
with a significantly higher rate of overall response (50
percent vs. 32 percent, P<0.001), a longer duration
of response (median, 9.1 vs. 6.1 months; P<0.001),
and a longer time to treatment failure (median, 6.9
vs. 4.5 months; P<0.001) (Tables 2 and 3). Statistically significant differences in the overall rates of response,
the duration of response, and time to treatment failure were also found in the subgroup treated with an
anthracycline, cyclophosphamide, and trastuzumab
and the subgroup treated with paclitaxel and trastuzumab, as compared with the subgroups treated with
an anthracycline and cyclophosphamide alone or paclitaxel alone, respectively (Tables 2 and 3).
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TABLE 2. RESULTS

OF AN INTENTION-TO-TREAT

ANALYSIS

OF THE

END POINTS.*

AN ANTHRACYCLINE
CHEMOTHERAPY
PLUS

END POINT

Median time to disease progression
— mo
P value
Relative risk of progression
(95% CI)
Median time to treatment failure
— mo
P value
Relative risk of treatment failure
(95% CI)
Median survival — mo
P value
Relative risk of death (95% CI)

TRASTUZUMAB
(N=235)

7.4

EITHER TYPE OF
CHEMOTHERAPY
ALONE
(N=234)

4.6

AN ANTHRACYCLINE,
CYCLOPHOSPHAMIDE,
AND TRASTUZUMAB
(N=143)

AND

CYCLOPHOSPHAMIDE
ALONE
(N=138)

7.8

<0.001
0.51 (0.41–0.63)

<0.001
0.62 (0.47–0.81)

6.9

7.2

4.5

<0.001
0.58 (0.47–0.70)
25.1

20.3
0.046
0.80 (0.64–1.00)

6.1

0.16
0.82 (0.61–1.09)

6.9

PACLITAXEL
ALONE
(N=96)

3.0

<0.001
0.38 (0.27–0.53)
5.6

<0.001
0.67 (0.52–0.86)
26.8

PACLITAXEL AND
TRASTUZUMAB
(N=92)

5.8

2.9

<0.001
0.46 (0.33–0.63)
21.4

22.1

18.4
0.17
0.80 (0.56–1.11)

*The time to treatment failure was defined as the time from randomization to disease progression, discontinuation of treatment for any
reason, use of other types of antitumor therapy, or death. The final analysis of the primary end point (time to disease progression) was performed nine months after enrollment of the last patient. The most recent survival data were obtained 31 months after the enrollment of the
last patient, with a median follow-up of 35 months (range, 30 to 51). As of the data-cutoff date of December 31, 1997, a total of 388 (83
percent) of the 469 patients had discontinued the study, including 173 (74 percent) of the 235 patients assigned to receive chemotherapy
plus trastuzumab and 215 (92 percent) of the 234 patients assigned to receive chemotherapy alone. The response-evaluation committee assessed the tumor response in 446 patients: 99 percent of the 452 patients who had an assessment after the base-line evaluation and 95 percent
of the 469 patients who enrolled in the study. In the group given paclitaxel and trastuzumab, the increase in the interval between randomization and disease progression was greater among patients who had a Karnofsky score of 90 or more at base line. The most common sites
of disease progression among patients who received chemotherapy plus trastuzumab and among those who received chemotherapy alone were
the liver (32 percent and 46 percent), the lungs (20 percent and 21 percent), bone (18 percent and 15 percent), and the central nervous
system (18 percent and 9 percent). CI denotes confidence interval.

The addition of trastuzumab was also associated
with a significantly lower rate of death at one year (22
percent, as compared with 33 percent in the group
given chemotherapy alone; P=0.008). The median
survival was 25.1 months in the group given chemotherapy plus trastuzumab and 20.3 months in the
group that received chemotherapy alone (P=0.046)
(Table 2 and Fig. 2). This calculation included patients in the group given chemotherapy alone who
received open-label trastuzumab after the occurrence
of disease progression. The risk of death was reduced
by 18 to 20 percent in the subgroups given trastuzumab (Table 2). The efficacy of trastuzumab was consistently observed in both subgroups; however, patients with a score of 3+ for the overexpression of
HER2 benefited to a greater degree from such treatment than those with a score of 2+.
Deaths

As of October 1999, 314 patients had died (149 in
the group given chemotherapy plus trastuzumab and
165 in the group given chemotherapy alone); 95 percent of these deaths were attributed to progressive

disease. Two deaths, both in patients who had received
an anthracycline, cyclophosphamide, and trastuzumab,
were possibly related to trastuzumab therapy: one patient died of sepsis after 2 doses of trastuzumab, and
the second died of hepatitis B–related hepatorenal
syndrome after 11 doses of trastuzumab.
Adverse Events

Approximately 25 percent of patients had chills,
fever, or both during the initial infusion of trastuzumab. Slowing the infusion rate ameliorated these
symptoms. No episodes of frank anaphylaxis occurred,
but one patient had moderate hypotension, and three
had mild bronchospasm, all of which resolved without treatment.
Infection occurred in 47 percent of patients who
were given chemotherapy plus trastuzumab and in
29 percent of those treated with chemotherapy alone
(Table 4). These infections consisted of mild-to-moderate infections of the upper respiratory tract in 72
percent of cases, catheter-related infections in 9 percent, a viral syndrome in 3 percent, and other types
of infections in 16 percent. Of the 14 catheter-related

Figure 1 (facing page). Kaplan–Meier Estimates of Progression-free Survival, According to Whether Patients Were Randomly Assigned to Receive Chemotherapy plus Trastuzumab or Chemotherapy Alone (Panel A), and Whether Chemotherapy Consisted of
Either a Combination of an Anthracycline and Cyclophosphamide (Panel B) or Paclitaxel (Panel C).
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TABLE 3. RATES

AND

DURATIONS

OF

RESPONSES.*
AN ANTHRACYCLINE

VARIABLE

Complete response — no. (%)
Partial response — no. (%)
Complete and partial responses
— no. (% [95% CI])
P value
Median duration of response
— mo
P value

CHEMOTHERAPY PLUS
TRASTUZUMAB
(N=235)

CHEMOTHERAPY
ALONE
(N=234)

AN ANTHRACYCLINE,
CYCLOPHOSPHAMIDE,
AND TRASTUZUMAB
(N=143)

CYCLOPHOSPHAMIDE
ALONE
(N=138)

PACLITAXEL AND
TRASTUZUMAB
(N=92)

PACLITAXEL
ALONE
(N=96)

18 (8)
100 (43)
118 (50 [44–57])

8 (3)
66 (28)
74 (32 [26–38])

11 (8)
69 (48)
80 (56 [48–64])

6 (4)
52 (38)
58 (42 [34–50])

7 (8)
31 (34)
38 (41 [31–51])

2 (2)
14 (15)
16 (17 [9–24])

6.7

10.5

<0.001
9.1

AND

0.02
6.1

9.1

<0.001

0.005

<0.001
4.5
<0.01

*The analysis included all 469 patients. A complete response was defined as the disappearance of all tumors on the basis of radiographic evidence, visual
inspection, or both. A partial response was defined as a decrease in the dimensions of all measurable lesions of more than 50 percent. The duration of
response was defined as the time from the first response to disease progression or death. The response-evaluation committee assessed the tumor response
in 446 patients: 99 percent of the 452 patients who had an assessment after the base-line evaluation and 95 percent of the 469 patients who enrolled in
the study. In the group given paclitaxel and trastuzumab, the response rate was higher among patients who had a Karnofsky score of 90 to 100 at base
line. CI denotes confidence interval.

infections among patients who received trastuzumab,
3 were severe, 13 required treatment, and 4 required
surgical removal of the catheter. The incidence of sepsis was low and evenly distributed among the four subgroups. The addition of trastuzumab to the chemotherapy regimen increased the frequency of leukopenia
and anemia (Table 4). These cases of cytopenia were
mild to moderate in severity and did not necessitate
the discontinuation of trastuzumab or withdrawal
from the study.
Twenty-five patients (19 in the subgroup given an
anthracycline, cyclophosphamide, and trastuzumab
and 6 in the subgroup given paclitaxel and trastuzumab) stopped taking trastuzumab because of adverse
events. Eighteen patients (15 in the subgroup given
an anthracycline, cyclophosphamide, and trastuzumab
and 3 in the subgroup given paclitaxel and trastuzumab) had clinical signs of cardiac dysfunction. Two
additional adverse events were attributed to trastuzumab therapy: an embolic stroke as a possible complication of cardiac dysfunction and chest pain after 49
doses of trastuzumab and six cycles of an anthracycline
and cyclophosphamide. The events in the remaining
five patients were not considered to be related to trastuzumab.
Cardiotoxicity

The adverse cardiac events prompted a retrospective
analysis of all cases of cardiac dysfunction by an in-

dependent cardiac review and evaluation committee.
This review identified 63 patients with symptomatic or
asymptomatic cardiac dysfunction: 39 of 143 patients
had received an anthracycline, cyclophosphamide, and
trastuzumab (accounting for 27 percent of this subgroup); 11 of 135 had received an anthracycline and
cyclophosphamide alone (incidence, 8 percent); 12
of 91 had received paclitaxel and trastuzumab (incidence, 13 percent); and 1 of 95 had received paclitaxel alone (incidence, 1 percent). Among these patients, the incidence of cardiac dysfunction of New
York Heart Association class III or IV was highest
among patients who had received an anthracycline,
cyclophosphamide, and trastuzumab (16 percent, as
compared with 3 percent among patients who had
received an anthracycline and cyclophosphamide alone,
2 percent among those who had received paclitaxel
and trastuzumab, and 1 percent among those who had
received paclitaxel alone).
Of the 63 patients with cardiac dysfunction, 44
received standard medical treatment. The condition
improved in 33 of these 44 patients, did not change
in 5, and worsened in 4. One patient in the group
given an anthracycline, cyclophosphamide, and trastuzumab died of cardiac dysfunction, as did one in the
group given an anthracycline and cyclophosphamide
alone. Among the five patients with persistent class
III or IV cardiac dysfunction, three were in the group
given an anthracycline, cyclophosphamide, and tras-

Figure 2 (facing page). Kaplan–Meier Estimates of Overall Survival, According to Whether Patients Were Randomly Assigned to
Receive Chemotherapy plus Trastuzumab or Chemotherapy Alone (Panel A) and Whether Chemotherapy Consisted of Either a Combination of an Anthracycline and Cyclophosphamide (Panel B) or Paclitaxel (Panel C).
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TABLE 4. ADVERSE EVENTS THAT OCCURRED

TYPE OR LOCATION
OF ADVERSE EVENT

CHEMOTHERAPY
TRASTUZUMAB
(N=234)

PLUS

CHEMOTHERAPY
ALONE
(N=230)

IN

MORE THAN 10 PERCENT
AN ANTHRACYCLINE,
CYCLOPHOSPHAMIDE,
AND TRASTUZUMAB
(N=143)

OF

PATIENTS

AN ANTHRACYCLINE AND
CYCLOPHOSPHAMIDE
ALONE
(N=135)

AS A

GROUP.*

PACLITAXEL AND
TRASTUZUMAB
(N=91)

PACLITAXEL
ALONE
(N=95)

percentage with event (percentage with severe event)

Any type
Abdominal pain
Asthenia
Back pain
Chest pain
Chills
Fever
Headache
Infection
Pain
Heart failure
Digestive tract
Anorexia
Constipation
Diarrhea
Nausea
Stomatitis
Vomiting
Hematologic and lymphatic systems
Anemia
Leukopenia
Musculoskeletal system
Arthralgia
Myalgia
Nervous system
Paresthesia
Respiratory tract
Increased coughing
Dyspnea not related
to heart failure
Pharyngitis
Skin
Alopecia
Rash

27
57
31
24
38
53
41
47
58
22

(3)
(7)
(4)
(3)
(<1)
(8)
(4)
(2)
(6)
(10)

20
56
22
24
8
29
30
29
50
5

(3)
(7)
(4)
(4)
(<1)
(4)
(4)
(2)
(7)
(2)

23
54
27
20
35
56
44
47
57
27

(2)
(7)
(2)
(3)
(<1)
(11)
(3)
(2)
(4)
(16)

18
55
16
21
11
33
31
30
42
8

(2)
(7)
(2)
(2)
(2)
(7)
(5)
(2)
(8)
(3)

34
62
36
30
42
47
36
46
60
13

(3)
(8)
(8)
(3)
(1)
(2)
(7)
(1)
(10)
(2)

22
57
30
27
4
23
28
27
61
1

(4)
(8)
(5)
(5)
(0)
(1)
(2)
(2)
(6)
(1)

28
32
45
66
22
47

(<1)
(1)
(1)
(5)
(<1)
(5)

22
28
27
66
21
40

(2)
(3)
(3)
(7)
(0)
(7)

31
36
45
76
30
53

(0)
(2)
(1)
(6)
(1)
(3)

26
28
25
79
31
49

(2)
(3)
(3)
(10)
(3)
(8)

24
25
45
50
10
37

(1)
(0)
(1)
(3)
(0)
(9)

16
27
30
48
7
28

(2)
(2)
(3)
(3)
(0)
(5)

27 (2)
41 (11)

19 (2)
26 (9)

35 (3)
52 (15)

25 (2)
33 (11)

14 (1)
24 (6)

10 (1)
17 (5)

20 (4)
23 (3)

14 (2)
22 (3)

8 (<1)
13 (<1)

10 (<1)
13 (<1)

37 (9)
38 (7)

21 (4)
36 (6)

29 (<1)

23 (<1)

17 (0)

11 (0)

47 (2)

39 (1)

43 (<1)
36 (3)

26 (<1)
25 (3)

43 (<1)
42 (4)

28 (0)
24 (4)

42 (0)
28 (1)

22 (1)
26 (1)

27 (0)

16 (<1)

30 (0)

18 (0)

22 (0)

14 (2)

57 (26)
31 (<1)

58 (35)
17 (<1)

58 (25)
27 (0)

59 (42)
17 (<1)

56 (26)
38 (1)

56 (26)
18 (1)

*The analysis of adverse events excluded five patients who were never treated.

tuzumab. Increasing age was the only base-line characteristic that was a significant risk factor for cardiac
dysfunction in patients who were receiving the combination of an anthracycline, cyclophosphamide, and
trastuzumab. The cumulative dose of anthracycline
was not identified as a risk factor, but this finding
should be interpreted with caution, since the majority
of patients received all six cycles of an anthracycline
and cyclophosphamide as specified in the protocol.
Adding trastuzumab to the chemotherapy regimen did
not increase the risk of other adverse events related
to chemotherapy, and in no patient were antibodies
against trastuzumab detected.
DISCUSSION

We found that trastuzumab-based combination
therapy was effective in that it reduced the relative
risk of death by 20 percent at a median follow-up of
30 months. Few studies of metastatic breast cancer

have demonstrated a survival advantage of this magnitude in association with the addition of a single
agent.30,31 Particularly noteworthy is that two thirds
of patients who were initially assigned to receive chemotherapy alone began, after disease progression, to
receive open-label trastuzumab alone or with chemotherapy. Such a crossover design would generally reduce the likelihood that a survival advantage would
be found. Significant increases in the time to disease
progression, the rates of response, the duration of responses, and the time to treatment failure were observed in both subgroups that were given chemotherapy plus trastuzumab. These results increased survival,
an end point free of ascertainment bias.
The benefit of trastuzumab plus paclitaxel does not
appear to be attributable to the poor outcomes in the
group given paclitaxel alone. The rate of response of
17 percent among patients who were given paclitaxel
alone is lower than the rate previously reported for
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paclitaxel as an initial therapy for metastatic breast
cancer.32 Our patients, however, had a particularly poor
prognosis related to the overexpression of HER2, the
progression of disease after adjuvant therapy that included an anthracycline, and the receipt of prior treatment with high-dose chemotherapy followed by hematopoietic stem-cell rescue (in 22 percent).
The most troubling adverse effect of trastuzumab
was cardiac dysfunction, a complication that had not
been anticipated on the basis of the results of preclinical or early clinical studies.20,23-29 We found that concurrent treatment with an anthracycline, cyclophosphamide, and trastuzumab significantly increased the
risk of cardiac dysfunction, as compared with treatment with only an anthracycline and cyclophosphamide. A smaller increase in risk also occurred with
treatment with paclitaxel and trastuzumab, as compared with treatment with paclitaxel alone, but all
these patients had previously received an anthracycline. The 27 percent incidence of cardiac dysfunction
among patients who were given an anthracycline, cyclophosphamide, and trastuzumab and the 13 percent
incidence among those who were given paclitaxel and
trastuzumab exceeded the expected incidence of less
than 7 percent associated with cumulative doses of
doxorubicin of up to 550 mg per square meter.33
Trastuzumab was discontinued because of cardiac
dysfunction in 18 of 235 patients (8 percent) overall,
and most of these patients received an anthracycline,
cyclophosphamide, and trastuzumab. Continued use
of trastuzumab did not cause further cardiac deterioration in most patients, and cardiac function improved in 75 percent of patients after the initiation
of standard medical care. Among 81 patients who were
assigned to receive an anthracycline and cyclophosphamide alone and who later received trastuzumab in
an open-label fashion, clinically significant cardiac dysfunction developed in 7 (9 percent). The only significant risk factor associated with cardiac dysfunction
was older age. The mechanism of the cardiotoxicity
of trastuzumab is unknown.
Given the extremely poor prognosis of patients
with HER2-positive metastatic breast cancer, the cardiotoxicity of trastuzumab must be weighed against its
potential clinical benefit. We recommend a cautious
approach to the use of trastuzumab in patients who
have previously received anthracyclines and in those
who are currently receiving anthracyclines. The adjuvant (postoperative) use of trastuzumab will be an important research topic, but since many patients with
early-stage breast cancer can be cured by surgery and
radiotherapy, the cardiotoxicity of trastuzumab will be
a critical consideration. In this context, the risks of
trastuzumab will necessitate great caution in its use,
especially when it is combined with an anthracycline.
Indeed, one large upcoming trial of adjuvant trastuzumab will evaluate a non-anthracycline-based regimen for this reason.22-24

The results of this phase 3 clinical trial indicate that
trastuzumab, when added to conventional chemotherapy, can benefit patients with metastatic breast cancer
that overexpresses HER2. As compared with the best
available standard chemotherapy, concurrent treatment
with trastuzumab and first-line chemotherapy was associated with a significantly longer time to disease progression, a higher rate of response, a longer duration
of response, and improved overall survival. If confirmed in additional studies of patients with HER2positive metastatic breast cancer, our results may affect
treatment of this disease.
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APPENDIX
The following investigators and institutions also participated in the
study: H. Allen, Las Vegas; A. Arnold, Hamilton Regional Cancer Centre,
Hamilton, Ont., Canada; M. Azemar, Klinik für Tumorbiologie, Freiburg,
Germany; P. Barrett-Lee, Velindre Hospital, Whitchurch, Cardiff, United
Kingdom; J. Ellerton, Southern Nevada Cancer Research Foundation, Las
Vegas; C. Fabian, University of Kansas Medical Center, Kansas City; J.
Figueroa, Texas A&M University, Temple; F. Foss, Boston University Medical Center, Boston; P. Flynn, Minnesota Hematology/Oncology, Minneapolis; A. Goldrick, Cancer Therapy Center, Liverpool, N.S.W., Australia;
P. Gonzalez, University of North Carolina Hospital, Chapel Hill; J. Graham, Bristol Oncology Centre, Bristol, United Kingdom; D. Grimes, Royal Brisbane Hospital, Herston, Australia; J. Gutheil, Sydney Kimmel Cancer Center, San Diego, Calif.; T. Hadley, Brown Cancer Center, University
of Louisville, Louisville, Ky.; L. Harris, Duke University Medical Center,
Durham, N.C.; R. Hart, Oncology of Wisconsin, Milwaukee; V. Harvey,
Auckland Hospital, Grafton, Auckland, New Zealand; R. Hawkins, Addenbrooke’s Hospital, Cambridge, United Kingdom; R. Herrmann, Abtl.
Onkologie/Innere Medizin, Basel, Switzerland; Hoeffken Klinik für Innere Medizin, Jena, Germany; R. Jakesz, Allgemeines Krankenhause der
Stadt Wien, Vienna, Austria; M. Jahanzeb, JFK Comprehensive Cancer
Center, Atlantis, Fla.; C. Jones, Phoebe Cancer Center, Albany, Ga.; L.
Kaizer, Mississauga, Ont., Canada; J. Kaufmann, Johann-Wolfgang-Goethe-Universitat Frankfurt, Frankfurt, Germany; Meden, Frauenklinik de
Georg-August-Universitat, Gottingen, Germany; D. Merkel, Kellogg Cancer Center, Evanston, Ill.; A. Keller, Warren Cancer Research Foundation,
Tulsa, Okla.; I. Kennedy, Waikato Hospital, Hamilton, New Zealand; I.
Kuter, Massachusetts General Hospital, Boston; R. Leonard, Western General Hospital, Edinburgh, Scotland; G. Litton, Salt Lake City; S. Madajewicz, State University of New York at Stony Brook, Stony Brook, N.Y.; M.
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Martinez-Rio, Parkway Regional Medical Center, North Miami Beach,
Fla.; R. Michaelson, West Orange, N.Y.; M. Modiano, Arizona Clinical Research Center, Tucson; M. Moore, Georgia Cancer Specialists, Dunwoody,
Ga.; J. Mortimer, Washington University School of Medicine, St. Louis; R.
Mowat, Toledo Clinic, Toledo, Ohio; L. Murray, M.D. Anderson Cancer
Center, Houston; M. O’Rourke, Greenville Memorial Medical Center,
Greenville, S.C.; D. Pasquale, St. Francis Hospital Medical Center, Hartford, Conn.; D. Patel, Rhinelander Medical Center, Rhinelander, Wis.; R.
Patel, Bakersfield, Calif.; A. Paterson, Tom Baker Cancer Centre, Calgary,
Alta., Canada; C. Perkins, Cancer Care Associates of Fresno, Fresno, Calif.;
T. Perren, St. James University Hospital, Leeds, United Kingdom; K.
Phadke, St. George Hospital, St. George, Australia; E. Reed, University of
Nebraska, Omaha; D. Reding, Marshfield Clinic, Marshfield, Wis.; S. Rifkin,
Tumor Institute of Swedish Hospital Medical Center, Seattle; N. Robert,
Fairfax Hematology/Oncology Associates, Annandale, Va.; D. Rovira, University of Colorado Health Science Center, Denver; K. Rowland, Carle
Cancer Center, Urbana, Ill.; M. Saley, Comprehensive Cancer Center, Birmingham, Ala.; B. Samuels, Lutheran General Hospital, Park Ridge, Ill.;
G. Schaller, Frauenklinik, Universitätsklinikum B. Franklin, Berlin, Germany; M. Schonfelder, Tumorzentrum Leipzig Chirurgisches Krankenhaus,
Leipzig, Germany; A. Schott, University of Michigan, Comprehensive
Cancer Center, Ann Arbor; M. Schreeder, Comprehensive Cancer Center,
Huntsville, Ala.; S. Schultz, Indianapolis; L. Schwartzberg, West Clinic,
Memphis, Tenn.; S. Sedlacek, Colorado Cancer Research Program, Denver; P. Silverman, Ireland Cancer Center, University Hospitals of Cleveland,
Cleveland; R. Snyder, St. Vincent’s Hospital, Fitzroy, Australia; M. Spielmann, Institut Gustave Roussy, Villejuif, France; J. Sporn, University of
Connecticut Health Center, Farmington; L. Stolbach, St. Vincent Hospital,
Worcester, Mass.; D. Sutherland, Toronto Bayview Regional Cancer Center,
Toronto; K. Tkaczuk, University of Maryland Cancer Center, Baltimore;
D. Tripathy, Mt. Zion Cancer Center, San Francisco; F. Turpin, Centre
René Huguenin, Saint-Cloud, France; M. Theodoulu, Memorial SloanKettering Cancer Center, New York; M. Untch, Klinikum Großhadem,
Munich, Germany; S. Verma, Ottawa Regional Cancer Center, Ottawa,
Ont., Canada; C. Vogel, Aventura Concorde Center II, Aventura, Fla.; T.
Weisberg, Maine Center for Cancer Medicine and Blood Disorders, Scarborough; H. Wheeler, Royal North Shore Hospital, Sydney, Australia; H.
Wilke, Universitatsklinikum Essen, Essen, Germany; B. Yu, Henry Ford
Hospital, Detroit.

REFERENCES
1. Landis SH, Murray T, Bolder S, Wingo PA. Cancer statistics, 1999. CA
Cancer J Clin 1999:49:8-31.
2. Hortobagyi GN. Treatment of breast cancer. N Engl J Med 1998;339:
974-84.
3. A’Hern RP, Smith IE, Ebbs SR. Chemotherapy and survival in advanced breast cancer: the inclusion of doxorubicin in Cooper type regimens. Br J Cancer 1993;67:801-5.
4. Greenberg PA, Hortobagyi GN, Smith TL, Ziegler LD, Frye DK, Buzdar AU. Long-term follow-up of patients with complete remission following combination chemotherapy for metastatic breast cancer. J Clin Oncol
1996;14:2197-205.
5. Coussens L, Yang-Feng TL, Liao YC, et al. Tyrosine kinase receptor
with extensive homology to EGF receptor shares chromosomal location
with neu oncogene. Science 1985;230:1132-9.
6. King CR , Kraus MH, Aaronson SA. Amplification of a novel v-erbBrelated gene in a human mammary carcinoma. Science 1985;229:974-6.
7. Akiyama T, Sudo C, Ogawara H, Toyoshima K, Yamamoto T. The product of the human c-erbB-2 gene: a 185-kilodalton glycoprotein with tyrosine kinase activity. Science 1986;232:1644-6.
8. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire WL.
Human breast cancer: correlation of relapse and survival with amplification
of the HER2-2/neu oncogene. Science 1987;235:177-82.
9. Slamon DJ, Godolphin W, Jones LA, et al. Studies of the HER-2/neu
proto-oncogene in human breast and ovarian cancer. Science 1989;244:
707-12.
10. Seshadri R , Firgaira FA, Horsfall DJ, McCaul K, Setlur V, Kitchen P.
Clinical significance of HER-2/neu oncogene amplification in primary
breast cancer. J Clin Oncol 1993;11:1936-42.
11. Press MF, Pike MC, Chazin VR , et al. HER-2/neu expression in nodenegative breast cancer: direct tissue quantitation by computerized image
analysis and association of overexpression with increased risk of recurrent
disease. Cancer Res 1993;53:4960-70.
12. Ravdin PM, Chamness GC. The c-erbB-2 proto-oncogene as a prognostic and predictive marker in breast cancer: a paradigm for the development of other macromolecular markers — a review. Gene 1995;159:19-27.

13. Hudziak RM, Schlessinger J, Ulrich A. Increased expression of the putative growth factor receptor p185HER2 causes transformation and tumorigenesis of NIH 3T3 cells. Proc Natl Acad Sci U S A 1987;84:7159-63.
14. Di Fiore PP, Pierce JH, Krasu MH, Segatto O, King CR, Aaronson
SA. erbB-2 Is a potent oncogene when overexpressed in NIH/3T3 cells.
Science 1987;237:178-82.
15. Guy CT, Webster MA, Schaller M, Parsons TJ, Cardiff RD, Muller WJ.
Expression of the neu protooncogene in the mammary epithelium of transgenic mice induces metastatic disease. Proc Natl Acad Sci U S A 1992;89:
10578-82.
16. Chazin VR, Kaleko M, Miller AD, Slamon DJ. Transformation mediated by the human HER-2 gene independent of the epidermal growth factor receptor. Oncogene 1992;7:1859-66.
17. Pietras RJ, Arboleda J, Reese DM, et al. HER-2 tyrosine kinase pathway targets estrogen receptor and promotes hormone-independent growth
in human breast cancer cells. Oncogene 1995;10:2435-46.
18. Hudziak RM, Lewis GD, Winget M, Fendly BM, Shepard HM, Ullrich A. p185HER2 Monoclonal antibody has antiproliferative effects in vitro and sensitizes human breast tumor cells to tumor necrosis factor. Mol
Cell Biol 1989;9:1165-72.
19. Shepard HM, Lewis GD, Sarup JC, et al. Monoclonal antibody therapy of human cancer: taking the HER2 protooncogene to the clinic. J Clin
Immunol 1991;11:117-27.
20. Pietras RJ, Fendly BM, Chazin VR, Pegram MD, Howell SB, Slamon
DJ. Antibody to HER-2/neu receptor blocks DNA repair after cisplatin in
human breast and ovarian cancer cells. Oncogene 1994;9:1829-38.
21. Carter P, Presta L, Gorman CM, et al. Humanization of an antip185HER2 antibody for human cancer therapy. Proc Natl Acad Sci U S A
1992;89:4285-9.
22. Pietras RJ, Pegram MD, Finn RS, Maneval DA, Slamon DJ. Remission
of human breast cancer xenografts on therapy with humanized monoclonal
antibody to HER-2 receptor and DNA-reactive drugs. Oncogene 1998;17:
2235-49.
23. Pegram M, Hsu S, Lewis G, et al. Inhibitory effects of combinations
of HER-2/neu antibody and chemotherapeutic agents used for treatment
of human breast cancers. Oncogene 1999;18:2241-51.
24. Konecny G, Pegram MD, Beryt M, et al. Therapeutic advantage of
chemotherapy drugs in combination with Herceptin against human breast
cancer cells with HER-2/neu overexpression. Breast Cancer Res Treat
1999;57:114.
25. Pietras RJ, Poen JC, Gallardo D, Wongvipat PN, Lee HJ, Slamon DJ.
Monoclonal antibody to HER-2/neureceptor modulates repair of radiation-induced DNA damage and enhances radiosensitivity of human breast
cancer cells overexpressing this oncogene. Cancer Res 1999;59:1347-55.
26. Baselga J, Norton L, Albanell J, Kim YM, Mendelsohn J. Recombinant
humanized anti-HER2 antibody (Herceptin) enhances the antitumor activity of paclitaxel and doxorubicin against HER2/neu overexpressing human breast cancer xenografts. Cancer Res 1998;58:2825-31. [Erratum,
Cancer Res 1999;59:2020.]
27. Baselga J, Tripathy D, Mendelsohn J, et al. Phase II study of weekly
intravenous recombinant humanized anti-p185HER2 monoclonal antibody
in patients with HER2/neu-overexpressing metastatic breast cancer. J Clin
Oncol 1996;14:737-44.
28. Cobleigh MA, Vogel CL, Tripathy D, et al. Multinational study of the
efficacy and safety of humanized anti-HER-2 monoclonal antibody in
women who have HER2-overexpressing metastatic breast cancer that has
progressed after chemotherapy for metastatic disease. J Clin Oncol 1999;
17:2639-48.
29. Pegram MD, Lipton A, Hayes DF, et al. Phase II study of receptorenhanced chemosensitivity using recombinant humanized antip185HER2/neu monoclonal antibody plus cisplatin in patients with
HER-2/neu-overexpressing metastatic breast cancer refractory to chemotherapy treatment. J Clin Oncol 1998;16:2659-71.
30. Smith G, Henderson JC. New treatments for breast cancer. Semin Oncol 1996;23:506-28.
31. Fossati R, Confalonieri C, Torri V, et al. Cytotoxic and hormonal
treatment for metastatic breast cancer: a systematic review of published randomized trials involving 31,510 women. J Clin Oncol 1998;16:3439-60.
32. Sledge GW Jr, Neuberg D, Ingle J, Martino S, Wood W. Phase III trial
of doxorubicin (A) vs. paclitaxel (T) vs. doxorubicin + paclitaxel (A + T)
as first-line therapy for metastatic breast cancer (MBC): an intergroup trial.
Prog Proc Am Soc Clin Oncol 1997;16:1a. abstract.
33. Von Hoff DD, Layard MW, Basa P, et al. Risk factors for doxorubicininduced congestive heart failure. Ann Intern Med 1979;91:710-7.

Copyright © 2001 Massachusetts Medical Society.

792 · N Engl J Med, Vol. 344, No. 11 · March 15, 2001 · www.nejm.org
Downloaded from www.nejm.org on August 25, 2009 . Copyright © 2001 Massachusetts Medical Society. All rights reserved.

