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Abstract

The past few years have witnessed an exponential increase in studies trying to identify molecular markers in patients with breast

tumours that might predict for the success or failure of hormonal therapy or chemotherapy. HER2, a tyrosine kinase membrane
receptor of the epidermal growth factor receptor family, has been the most widely studied marker in this respect. This paper
attempts to critically review to what extent HER2 may improve `treatment individualisation' for the breast cancer patient. # 2000
Published by Elsevier Science Ltd.
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1. Introduction

Oncologists can no longer ignore the HER2 status of
a patient's breast tumour: today this information has
direct implications for optimal patient management in
the same way hormone receptor measurements have
been, and still are, impacting on treatment selection for
the breast cancer patient.
The purpose of this review is neither to address the

prognosis value of this tyrosine kinase membrane
receptor nor to summarise the e�cacy data of herceptin,
the monoclonal antibody targeting HER2. Instead, the
focus will be on the putative predictive value of HER2
in selecting classical forms of breast cancer therapy.
To this end, a review of the current evidence with

regard to the predictive value of HER2 for hormonal
therapy and chemotherapy will be carried out using
published studies involving a minimum of 100 patients
and moving, in each case, from the advanced disease
setting to the adjuvant setting. The potential relevance
of HER2 for the management of in situ breast cancer or
for selecting candidates for herceptin therapy will not be
addressed.

2. HER2: a predictive marker for hormonal therapy?

Four studies of advanced disease have investigated
the relationship between HER2 expression and the out-
come of second- or ®rst-line hormonal therapy for
advanced metastatic breast cancer [1±4]. Two studies
[1,2] found HER2 to be associated with decreased
response rates and either decreased response duration or
shortened time-to-progression, whilst the other two [3,4]
failed to disclose such a relationship (Table 1).
In the adjuvant setting, two prospective clinical trials,

designed to look at the value of 2 years of tamoxifen
versus observation or 5 years of tamoxifen versus 2
years of tamoxifen with follow-up of 14 and 8 years,
respectively, were retrospectively analysed for the cor-
relation between HER2 status and outcome [5,6] (Table
2). Of note, tumour material could only be obtained in a
subset of the clinical trial population. HER2+ patients
were found to fare worse on tamoxifen than on obser-
vation in the study by Blanco and colleagues [5], and did
not appear to bene®t from prolonged tamoxifen treat-
ment, in contrast to HER2ÿ patients, in the study pub-
lished by StaÈ l and co-workers [6].
In the two other adjuvant studies with reasonable

length follow-ups, therapy with tamoxifen was allocated
rather than randomised [7,8]. The ®rst larger trial sug-
gests similar bene®ts from tamoxifen treatment for
HER2+ or HER2ÿ patients [7], while the second, using
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di�erent techniques for HER2 evaluation, applied to the
progesterone-positive subset, again points to a worse
outcome for HER2+ patients in general, and particu-
larly when receiving tamoxifen [8] (Table 2).
There are several limitations to the published studies

we have just reviewed. HER2 testing has always been a
retrospective exercise, performed with di�erent assays,
usually on a subset of patients belonging to a clinical
trial in which allocation to endocrine therapy was not
always done through randomisation. The heterogeneity
of the study populations is best exempli®ed by the wide
variation in the time-to-progression (TTP) of the
HER2ÿ subset in the advanced disease trials: this TTP
ranged from 7 to 11 months.
Fig. 1 summarises the current status of HER2 as a

putative predictive marker for hormonal therapy.
In advanced breast cancer, 838 patients treated with

hormonal therapy have been evaluated for HER2, 505
in prospective clinical trials.
With two studies showing a worse outcome for

HER2+ patients and two studies failing to do so, no
®rm conclusions can be drawn. However, the striking

observation across all studies of ®rst-line endocrine
therapy is a short TTP of less than 6 months for the
HER2+ subset.
In the adjuvant setting, 1752 patients have been eval-

uated for HER2; 764 were enrolled in prospective trials
looking at the potential bene®t of 2 or 5 years of
tamoxifen. No bene®t emerged for HER2+ patients in
three studies, while the fourth found a bene®t similar to
the one encountered in the HER2ÿ subset. Again, no
®rm conclusions can be drawn in view of the limitations
of these retrospective studies, but the potential
detrimental e�ect of tamoxifen in HER2+ patients
suggested by two of these studies is of particular
concern.

3. HER2: a predictive marker for chemotherapy?

Of four studies in advanced disease which have
investigated the relationship between HER2 expression
and outcome of anthracycline or taxane-based chemo-
therapy, and which could retrieve between 35% and

Table 1

HER2: a predictive factor for hormonal therapy (HT)? Advanced breast cancer

Disease setting Author [Ref.] No. of patients Outcome of HER2� patients versus HER2ÿ patients

Response rates (%) P value Other endpoints

HER2+ HER2ÿ
Second-line HT Leitzel [1] 300 21 41 0.004 # response duration and survival for HER2�
First-line HT Houston [2] 241 38 56 0.02 # TTP for HER2�

Elledge [3] 205 54 57 NS # or same TTF

Archer [4] 92 29 43 NS Same TTP

HT, hormonal therapy; NS, non signi®cant; TTP, time to progression; TTF, time to treatment failure.

Table 2

HER2: a predictive factor for hormonal therapy? Adjuvant setting

Author [Ref.] Clinical trial

treatment arms

Median follow-up

(years)

No. of patients

Total/HER2 test done/HER2�
HER-2

assay

RR of relapse

HER 2+ HER2ÿ
(95% con®dence interval,

where available)

Blanco [5] Randomisation 14 433/245/63 IHC

2/3 ER+

% TAM 2 year 1.22 0.80

& No TAM 0.86 1.21

StaÈ l [6] Randomisation 8 1662/519/? Southern blot ± ±

% TAM 2 year + 3.0 (0.6±15) 0.64 (0.43±1.06)

& TAM 5 year IHC

Muss [7] No randomisation 9 1572/741/186 IHC +T=74% +T=73%

(all ER+) Tam 5 year or not polyclonal Ab ÿT=59% ÿT=58%

or MAb

Borg [8] No randomisation 5 583/216/28 Southern +T=34% +T=73%

Tam 1±2 year or not + Western blot ÿT=54% ÿT=66%

ER, oestrogen receptor; IHC, immunohistochemistry; MAb, monoclonal antibody; N, node; RR, relative risk; T or Tam, tamoxifen; +T,

proportion disease-free with tamoxifen treatment; ÿT, proportion disease-free (no tamoxifen treatment).
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60% of the patients' tumour blocks [9±12], only one
found a di�erential response rate between HER2+ and
HER2ÿ patients, with the former subgroup displaying
an apparently higher sensitivity to taxanes than the lat-
ter [12] (Table 3).
Of the four studies, only one [11] formally investi-

gated the predictive value of HER2, because two di�er-
ent treatments (doxorubicin and paclitaxel) were
compared in the two populations of HER2+ and
HER2ÿ patients. In the three other trials, the prog-
nostic rather than the predictive value of HER2 has
been evaluated, because all patients received the same
chemotherapy regimen. Hence, additional studies are
needed to fully evaluate the worth of HER2 as a pre-
dictive marker in advanced disease.
The claimed predictive value of HER2, as far as

chemotherapy is concerned, is derived mainly from
studies performed in the adjuvant setting.
Three rumours are circulating and, rightly or

wrongly, are in¯uencing clinical practice.

. ``HER2� predicts for resistance to adjuvant cyclo-
phosphamide,methotrexate, 5-¯uorouracil (CMF).''

. ``HER2� predicts for sensitivity to ``adequately
dosed'' anthracycline (A)-based chemotherapy.''

. ``HER2� patients bene®t more from A- than
CMF-based regimens.''

Is there really `strong' evidence to support these
statements?

3.1. Statement 1: HER2+ predicts resistance to
adjuvant CMF

Three research groups, who have prospectively com-
pared, in node-positive or node-negative patients, vari-
ous CMF regimens to either one perioperative cycle or
to observation, have met with variable success rates,
ranging between 16 and 87%, in retrieving the patients'
tumour blocks for HER2 evaluation through di�erent
immunohistochemistry techniques [13±15] (Table 4).
Two groups found CMF to bene®t only the HER2ÿ
subset [13,14], while in the Milan trial with a 20-year
median follow-up, both HER2+ and HER2ÿ patients
had a decreased risk of relapse and death when treated
with CMF [15].

Table 3

HER2: a predictive factor for chemotherapy? Studies in advanced disease

Disease

setting

Author [Ref.] Chemotherapy No. of

pts tested

% of trial

population

Outcome of HER2� pts versus HER2	 pts

Response rates (%) P value

HER2+ HER2ÿ
LABC Rozan [9] FAC 167 52 31 20 NS

Metastatic Niskanen [10] FEC 103 60 39 34 NS

Hamilton [11] A 92 +
35

39 41 NS

or

T 87 24 24 NS

Baselga [12] T 122 58 65 35 0.002

A, doxorubicin; C, cyclophosphamide; E, epirubicin; F, 5-¯uorouracil; LABC, locally advanced breast cancer; NS, non signi®cant; T, paclitaxel.

Fig. 1. HER2: a predictive factor for hormonal therapy? Conclusions.
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3.2. Statement 2: HER2+ predicts sensitivity to
anthracycline adjuvant therapy

In terms of disease-free survival, one cycle of peri-
operative FAC chemotherapy appeared to bene®t
exclusively the HER2ÿ subset in the European Organi-
zation for the Research and Treatment of Cancer
(EORTC) trial, which is clearly limited by the small size
of the HER2+ group (60 patients in total) [16] (Table
5). In the larger Cancer and Leukemia Group B
(CALGB) trial, the bene®t of adequate cyclophos-
phamide, doxorubicin, 5-¯uorouracil (CAF) doses in
comparison to suboptimal CAF doses appeared to be
larger in the HER2+ subset, but can not be ruled out in
the HER2ÿ subset [17] (Table 5). In the Southwest
Oncology Group (SWOG) biological correlative study
of HER2 expression as a predictor of outcome in a trial
comparing adjuvant CAF+tamoxifen with tamoxifen

alone, there was a suggestion, but no statistical certainty,
that the addition of CAF chemotherapy was more e�ec-
tive in HER2+ than in HER2ÿ patients [18] (Table 5).

3.3. Statement 3: HER2+ patients bene®t more from
adjuvant anthracycline (A) than non A-based adjuvant
chemotherapy

Three adjuvant studies provide a direct and pros-
pective comparison between such regimens: melphalan±
doxorubicin±5-¯uorouracil (5-FU) versus melphalan±
5-FU [19], doxorubicin, cyclophosphamide (AC) versus
CMF [20] and epirubicin, cyclophosphamide (EC)
versus CMF [21] (Table 6). The retrieval of tumour
blocks was particularly remarkable in the ®rst study,
with a success rate of 94% [19]. Using an interaction
test, a clear trend in favour of A-based regimens in
HER2+ patients was seen in the three studies, reaching

Table 4

HER2 and CMF-based adjuvant chemotherapy

Author [Ref]

(follow-up)

Population/% tested for HER2

(HER2 assay)

Treatment arms N total/HER2+

(%)

Disease-free survival P value

. &
HER2+ HER2ÿ

Gusterson [13] Node-positive * CMFP peri 255/55 (22) 29%

NS

36%

0.0001(6 years) 61

IHC (MAb) CMFP post 491/85 (17) 38% 52%

� peri

Allred [14] Node-negative Nil (low risk) 307/40 (13) '76%
NS

'82%
0.0003

(5 years) 16

IHC (poly Ab)
�

Nil 146/35 (24) '70% '60%
CMFP 160/40 (25) '78% '80%

MeÂ nard [15] Node-positive * Nil 155/25 (16)

(20 years) 87

IHC (MAb) CMF 180/29 (16) HR=0.48+ HR=0.64+

C, cyclophosphamide; F, 5-¯uorouracil; HR, hazard ratio; IHC, immunohistochemistry; M, methotrexate; MAb, monoclonal antibody; P,

prednisone; Poly Ab, polyclonal antibody; post; postoperative; peri, perioperative; NS, non-signi®cant; +, where no treatment is the reference

group.

Table 5

HER2 and anthracycline-based adjuvant chemotherapy

Author/

Group [Ref]

(follow-up)

Population/% tested for HER2

(HER2 assay)

Treatment arms n total/HER2+

(%)

Disease-free survival P value

. &
HER2+ HER2ÿ

Clahsen EORTC [16] Nodeÿ, premen * Nil 210/31 (15) 77% �
NS

78% �
0.05(4 years) 65

IHC (MAb) FAC perioperative 230/29 (13) 90% 85%

Thor CALGB [17] Node+ * low dose CAF 322/88 (27) 50% �
0.001

60% �
0.058(9 years) 63

IHC (MAb) standard dose CAF 670/184 (27) 71% 65%

Ravdin SWOG [18] Node+, postmen * Tam 132/17 (13) 56% �
0.07

82% �
NS(4 years) 40

IHC (MAb) CAF+Tam 463/76 (16) 75% 84%

A, doxorubicin; C, cyclophosphamide; F, 5-¯uorouracil; IHC, immunohistochemistry; MAb, monoclonal antibody; poly Ab, polyclonal anti-

body; premen, premenopausal; postmen, postmenopausal; Tam, tamoxifen; NS, non signi®cant.

1758 M.J. Piccart et al. / European Journal of Cancer 36 (2000) 1755±1761



signi®cance in the ®rst trial only. Disappointingly, when
the Belgian investigators moved to the cocktail tech-
nique used by the NSABP with the hope of improving
their results, they completely lost the trend favouring
the epirubicin-based regimen! Once again, the limita-
tions of the published studies relate to their retro-
spective nature, the variability in the HER2 assays used
and in the chosen criteria for positivity.
Fig. 2 summarises the current status of HER2 as a

putative predictive molecular marker for chemotherapy.
In the adjuvant setting, 6007 patients, all belonging to
prospective trials, have been evaluated for HER2. When
focusing on HER2+ patients, it can be seen that
approximately 93 contributed to the combined chemo-
hormonal therapy versus hormonal therapy alone ques-

tion, 309 contributed to the CMF question, 332 to the A
optimal dose question and 704 to the A versus non-A
question. These are clearly small populations, which do
not allow statistical stability to be reached. The data are
controversial for CMF; they suggest bene®t from ade-
quately dosed A regimens and perhaps some higher
bene®t with A regimens relative to non-A combinations.

4. Methodological limitations of the studies so far
reported

All the studies discussed in this review are retro-
spective companion studies to clinical trials, most of
which were multicentric. For this reason, they have two

Table 6

HER2 and anthracycline (A) versus non A-based adjuvant chemotherapy

Author/Group [Ref.]

(follow-up)

Population/% tested

for HER2 (HER2 assay)

Treatment arms n Risk ratio A versus

non-A regimens

P value P interaction

test

Paik NSABP-B11 [19] Node +, ERÿ PAF HER2�=239 0.60 0.001

(13 years) 94 or 0:02
IHC (cocktail) PF HER2	=399 0.96 0.74

Paik NSABP-B15 [20] Node+ AC HER2�=404 0.83 0.13

(?) ? or 0:14
IHC (cocktail) CMF HER2	=951 1.04 0.65

Di Leo Belgian [21] Node+, ER�
(4 years) 60

A) IHC (MAb) EC or CMF HER2�=37 0.33 0.08
0:10

HER2	=255 1.16 0.56

B) IHC (cocktail) EC or CMF HER2�=61 1.06 0.90
0.84

HER2	=232 0.99 0.97

A, doxorubicin; C, cyclophosphamide; E, epirubicin; ER, oestrogen receptor; F, 5-¯uorouracil; IHC, immunohistochemistry; M, methotrexate;

MAb, monoclonal antibody; P, melphalan.

Fig. 2. HER2: a predictive factor for chemotherapy? Conclusions from studies performed so far. A, doxorubicin; C, cyclophosphamide; CTX,

chemotherapy; F, 5-¯uorouracil; M, methotrexate; RR, response rate; Tam, tamoxifen, A or non A CTX, anthracycline or non-anthracycline-based

chemotherapy; T, taxanes.

M.J. Piccart et al. / European Journal of Cancer 36 (2000) 1755±1761 1759



important methodological limitations, related to the
marker assays and to the statistical analysis employed.
Archived samples came from di�erent pathology cen-

tres and were ®xed according to di�erent procedures,
which may impact on the results of immunohistochem-
istry, the most `popular' HER2 evaluation method so
far. In addition, as no international standards yet exist
for HER2 immunohistochemistry testing, the de®nition
of marker positivity or negativity are de®ned individu-
ally by each study, and interobserver variation in
reporting tumour marker status may limit the reprodu-
cibility of any study results. For this reason, it would be
worthwhile to evaluate gene ampli®cation (by fresh in-
situ hybridisation), in addition to protein over-
expression, given that nucleic acids are more stable over
time than proteins. So far, no data regarding this issue
have been presented on a series of archived samples
from a multicentric study.
The interpretation of the current predictive studies is

also severely limited by a number of statistical issues:

. Firstly, many of the studies presented are relatively
small and lack statistical power in the subgroup
analyses that are required to assess the `predictive
value' of HER2.

. Secondly, the relatively low prevalence of HER2
positivity further reduces the power of these stu-
dies, which seek to demonstrate a statistically sig-
ni®cant di�erence in outcome between treatment
arms in marker-positive patients and a non-sig-
ni®cant di�erence in the marker-negative group.

. Thirdly, as tissue samples were available from only
a subset of the patients belonging to the clinical
trial, there is considerable room for statistical bias
in the reported results.

5. Conclusions

Based on the known activity of Herceptin�chemo-
therapy in HER2+ patients [22,23] and on this review,
which emphasises the lack of `level 1' evidence-based
studies that convincingly demonstrate the value of
HER2 as a predictive marker for resistance or sensitiv-
ity to classical forms of breast cancer therapy as well as
their methodological limitations, we propose the fol-
lowing provisional guidelines for the management of
HER2+ patients in clinical practice (Fig. 3). Clearly
these guidelines are likely to change in the near future,
as more data are being generated.
In the advanced disease setting, HER2 testing is now

required given that herceptin, the anti-HER2 mono-
clonal antibody, is registered for use in Europe (since
May 2000). These HER2+ patients should not be
denied hormonal therapy, but should be closely fol-
lowed; ideally, they should be evaluated prospectively in
a trial comparing CMF�Herceptin, and they are can-
didates for therapy with taxane+Herceptin combina-
tions or Herceptin alone.
In the adjuvant setting, routine HER2 testing cannot

be presently advocated. However, it is useful informa-
tion in `high-risk' patients for the future, given their
likelihood of a relapse, and it is required for the poten-
tial inclusion of the patient into adjuvant clinical trials
exploring the value of Herceptin, which are currently
being initiated. HER2+ patients should not be denied
tamoxifen; they should be preferentially treated with
A-based chemotherapy; patients with contraindications
to anthracyclines should not be denied CMF. The
Tamoxifen data in the adjuvant setting are extremely
worrisome and represent `a clinical research alert' for
clinical research cooperative groups.

Fig. 3. Use of HER2 as a `predictive' factor: proposed guidelines for clinical practice. A, anthracycline; C, cyclophosphamide; M, methotrexate;

F, 5-¯uorouracil; CTX, chemotherapy.
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