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ABSTRACT

Background. Human epidermal growth factor receptor
(HER)-2 testing in patients with operable breast cancer is
aimed at identifying candidates for adjuvant anti–HER-2
treatment. However, commonly defined “HER-2�” tu-
mors express variable levels of the HER-2 protein, which
can influence prognosis. We compared the clinical out-
comes of operable breast cancer patients stratified accord-
ing to a common HER-2 testing algorithm.

Methods. We studied 1,150 women (median age, 58
years; range, 22–94 years) undergoing surgery for early
breast cancer at our institution. HER-2 status was deter-
mined using the HercepTest™ (Dako, Glostrup, Denmark)
and, when needed, by fluorescence in situ hybridization
(FISH). Patients receiving adjuvant trastuzumab were ex-
cluded. The impact of HER-2 status on the disease-free sur-
vival (DFS) time was studied using multivariate Cox
proportional regression analysis.

Results. Four hundred-fifty seven (40%), 454 (39%), 116
(10%), and 123 (11%) patients were considered HER-2
0�, HER-2 1�, HER-2 2�/HER-2� by FISH, and HER-2�

(3� or HER-2� by FISH), respectively. Compared with a
HER-2 0 or 1� status, a HER-2 2�/HER-2� by FISH sta-
tus was associated with a worse DFS outcome on multivar-
iate analysis. Compared with a HER-2� status, a HER-2
2�/HER-2� status showed a time-dependent effect on the
DFS probability, with an initial advantage that worsened
every year by a factor of 1.649.

Conclusion. A HER-2 2�/HER-2� status is an adverse
prognostic factor in patients with operable breast cancer.
Because of suggestions from randomized trials that the
benefits of adjuvant trastuzumab may not be limited to pa-
tients with HER-2� tumors, patients with a HER-2 2�/
HER-2� status are ideal candidates for studies testing this
hypothesis. The Oncologist 2012;17:1418–1425
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INTRODUCTION
The human epidermal growth factor receptor 2 (HER-2) is a
transmembrane tyrosine kinase receptor overexpressed in
some 15%–20% of breast cancers occurring in humans [1, 2].
The highest levels of HER-2 overexpression are commonly as-
sociated with amplification of the HER-2/neu oncogene, which
encodes the HER-2 protein [3]. Since its discovery, HER-2
overexpression and HER-2 amplification have been correlated
with a distinct pathological breast cancer profile, consisting of
a lower frequency of hormone receptor expression, a higher
histopathological grade, and greater proliferative activity [4,
5]. Tumors with HER-2 overexpression and those with HER-2
amplification carry an adverse prognosis, frequently character-
ized by a short disease-free survival interval after surgery, vis-
ceral metastatic involvement, and resistance to hormonal
therapy (when hormone receptors are coexpressed) and to an-
thracycline-free chemotherapy regimens [6–8]. HER-2 thera-
peutic targeting with the monoclonal antibody (mAb)
trastuzumab, the first anti–HER-2 agent available for clinical
use, has changed the natural history of patients whose tumors
carry the HER-2 abnormality [9–14]. Observations in the met-
astatic setting have established the paradigm that trastuzumab
efficacy is restricted to tumors with strong HER-2 immunohis-
tochemical (IHC) overexpression and those with HER-2 am-
plification. For this reason, current HER-2 testing algorithms
are aimed at identifying those patients most likely to achieve a
significant benefit from HER-2 targeting. Although HER-2 ex-
pression is biologically a continuum, from no detectable ex-
pression to strong overexpression, approved IHC tests, like the
HercepTest™ (Dako, Glostrup, Denmark), categorize HER-2
status on a semiquantitative scale ranging from 0 to 3�. A 3�
score corresponds to strong overexpression in �10% of tumor
cells and identifies candidates for treatment. A review of 6,556
breast cancers revealed that about 92% of tumors with a
HER-2 score of 3� had HER-2/neu amplification. Conversely,
HER-2 amplification was observed at lower rates in tumors
with scores of 2� (23.3%), 1� (7.4%), and 0� (4.1%) [15].
With HER-2 amplification as an established predictor of re-
sponse to HER-2–targeting agents, the current algorithm calls
for fluorescence in situ hybridization (FISH) testing of tumors
with a HER-2 IHC score of 2� [16].

Studies in cell lines revealed that the average numbers of
HER-2 receptors on each cell surface were about 20,000,
100,000, 500,000, and 2,300.000 in IHC score 0, 1�, 2�, and
3� tumors, respectively [17]. Whether or not lower degrees of
HER-2 overexpression in the absence of HER-2/neu amplifi-
cation are associated with breast cancer prognosis after surgery
is still an open issue, which has acquired some importance as a
result of observations from adjuvant randomized trials with
trastuzumab. Two of those studies included subsets of patients
who were enrolled based on peripheral laboratories’ confirma-
tion of HER-2 overexpression (IHC score of 3�) or HER-2
amplification that was not confirmed upon central laboratory
review [18, 19]. The trastuzumab-related benefit in patients
with these HER-2� tumors was about the same magnitude as in
patients with HER-2� tumors. If confirmed, these findings
suggest rethinking HER-2 status with respect to prediction of

trastuzumab-related benefit in patients with early breast can-
cer, and also, in our opinion, in prognostic terms. Although the
benefit of trastuzumab in patients with HER-2� tumors will be
addressed in prospective trials [20], we were interested in eval-
uating the prognostic value of HER-2 status defined according
to the criteria used to establish eligibility for anti–HER-2 treat-
ment in the adjuvant setting. Therefore, we compared the clin-
ical outcome of patients with HER-2� tumors (HercepTest™
score of 3� or HER-2/neu amplification) with that of patients
with tumors with lower degrees of HER-2 expression on
IHC—score 2� and no HER-2 amplification (hereafter,
HER-2 2�/HER-2�), score 1�, and score 0�.

MATERIALS AND METHODS

Patients
Data for this study were obtained from our prospectively main-
tained institutional database of women receiving surgery for
early breast cancer in June 1996 to September 2009. To be se-
lected for this analysis, patients had to have no prior diagnosis
of another malignancy, including a prior intervention for duc-
tal carcinoma in situ of the breast, stage I–IIIA breast cancer
amenable to surgery, and no signs of metastatic disease at the
time of diagnosis. For each patient, we collected the main clin-
ical and pathological characteristics, adjuvant and neoadjuvant
treatment received (neoadjuvant or adjuvant chemotherapy,
adjuvant radiotherapy, adjuvant trastuzumab, adjuvant hor-
monal therapy), date and site of first metastasis, if this oc-
curred, and status in vitae at the last follow-up. Patients were
invited to regular follow-up visits every 6 months for the initial
5 years after surgery, and every year thereafter. The data cutoff
for follow-up was November 2011.

Pathology
Tumor biopsies and surgical tumor specimens were processed
according to standard routine procedures at the surgical pathol-
ogy department of our institution.

HER-2 status was assessed using the HercepTest™ ac-
cording to the manufacturer’s instructions. HER-2 positivity
was defined as a 3� score on IHC in �10% of invasive tumor
cells. Equivocal IHC cases (2� score or 3� score in �10% of
invasive tumor cells) were submitted to FISH analysis. A ratio
of HER-2 signals to chromosome 17 signals �2.0 was used as
the cutoff to define HER-2 amplification. For patients under-
going surgery from April 2000 onward, the HercepTest™ was
carried out as part of routine IHC assessments. FISH testing of
cases with a 2� HER-2 score was routinely introduced in De-
cember 2005, when trastuzumab was registered in the adjuvant
setting in Italy. For all cases in which the HER-2 status was not
routinely assessed (i.e., patients undergoing surgery before
April 2000 and patients with a HER-2 2� score undergoing
surgery in April 2000 to December 2005), this was determined
with archival material using the HercepTest™ and FISH when
needed for the purpose of this study. The assessment of hor-
monal receptor status was carried out using IHC with the mAb
to the estrogen receptor (ER) (1/100 dilution; Dako, Glostrup,
Denmark) and the mAb to the progesterone receptor (PgR)
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(1/800 dilution; Dako). Only nuclear reactivity was taken into
account for evaluation ER and PgR. Positivity was defined as
immunostaining in �10% of invasive tumor cells. The Mib-1
monoclonal antibody (1:200 dilution; Dako) was used to as-
sess Ki-67, which was reported as a percentage of immunore-
active cells among 2,000 tumor cells in randomly selected,
high-power fields at the periphery of the tumor.

Statistical Analysis
Patients were grouped according to their HER-2 status. �2 and
Kruskal-Wallis H tests were used to compare categorical vari-
ables and continuous variables, respectively, across groups.
The study endpoint was the disease-free survival (DFS) inter-
val, which was defined as the time interval between surgery
and invasive ipsilateral breast tumor recurrence, locoregional
relapse, contralateral breast cancer, distant metastasis, or
death, whichever occurred first. The DFS probability distribu-
tion was studied using the Kaplan–Meier product limit meth-
ods, and DFS curves were compared using the log-rank test.
Patients who did not experience a DFS event were censored at
the date of their last follow-up visit. Cox proportional hazards
models were then fitted to determine the impact of HER-2 sta-
tus on the DFS time after adjusting for patient and tumor char-
acteristics. The proportional hazards assumption was verified
using the log minus log method and by examining the
smoothed plots of the rescaled Schoenfeld residuals and point-
wise 95% confidence bands for each variable [21]. The follow-
ing variables were studied: HER-2 status, age at initial
diagnosis, tumor size, axillary lymph node involvement, his-
topathological type (ductal, including mixed ductal and lobu-
lar, vs. pure lobular vs. other), histopathological grade,
proliferation as expressed by Ki-67 immunostaining (percent-
age of positive cells), hormone receptor status, adjuvant che-
motherapy, and adjuvant radiotherapy. Receipt of endocrine
therapy was not considered because almost all patients with a
hormone receptor–positive status (any positivity) received it as
part of adjuvant therapy. All the variables were initially en-
tered into the model and then removed by backward step-
wise selection. Only variables associated with the DFS time
with a p-value �.05, as determined using the Wald statistic,
remained in the model. Results are reported as a hazard ratio
(HR) with 95% confidence interval (CI). Analyses were
performed using SPSS version 17.0 software (SPSS Inc.,
Chicago, IL).

RESULTS
In total, 1,295 women were initially identified for this study.
Sixty-one of 196 patients with HER-2� breast cancer under-
going breast surgery from late 2005 onward received trastu-
zumab as part of their adjuvant treatment and were excluded
from the main analyses. Another 84 patients were excluded be-
cause of either insufficient archival material for HER-2 status
assessment (25 patients) or missing follow-up information (59
patients). Table 1 summarizes the main clinical and patholog-
ical characteristics of the 1,150 patients selected for the anal-
yses according to HER-2 status. HER-2 status was 0, 1�, 2�/
HER-2�, and HER-2� in 457 (40%), 454 (39%), 116 (10%),

and 123 (11%) tumors, respectively. Compared with patients
who had tumors with HER-2 scores of 0 and 1�, those with a
HER-2 2�/HER-2� tumor status tended to have larger tumors
at diagnosis, more frequently had high-grade tumors, had
higher Ki-67 expression, and had more extensive axillary
lymph node involvement. These features were similar to those
of patients with HER-2� tumors. Conversely, HER-2 2�/
HER-2� tumors were more similar to tumors with HER-2
scores of 0 and 1� with respect to hormone receptor expres-
sion and distribution of histotypes. The types of neoadjuvant
and adjuvant chemotherapy are summarized in supplemental
online Table S1.

In total, 254 DFS events were registered at a median over-
all follow-up duration of 60 months (range, 5–175 months).

Figure 1 summarizes the DFS probability estimates ac-
cording to HER-2 status. The 5-year DFS rates were 86% (95%
CI, 83%– 89%), 84% (95% CI, 80%– 88%), 62% (95% CI,
48%–74%), and 63% (95% CI, 54%–72%) for patients with
tumors categorized as HER-2 0, HER-2 1�, HER-2 2�/HER-
2�, and HER-2�, respectively (p � .001). Additionally, al-
though the DFS curves plateaued at about 60 months for
patients with HER-2� tumors, patients with HER-2 2�/
HER-2� tumors displayed continued relapses beyond 60
months. HER-2 0 and HER-2 1� were grouped together in fur-
ther analyses. Although patients with HER-2� tumors receiv-
ing adjuvant trastuzumab were excluded from this analysis, a
short report that also includes this group of patients is provided
in online supplemental Table S2 and Figure S1. As expected,
the addition of trastuzumab resulted in a superior outcome for
patients with HER-2� tumors, which was also better than that
of patients with HER-2 2�/HER-2� tumors.

The proportional hazards assumption was met for all the
variables selected for the multivariate analysis and for the
comparison of patients with HER-2 2�/HER-2� tumors ver-
sus those with HER-2 0 and 1� tumors, but not for the com-
parison of patients with HER-2 2�/HER-2� tumors versus
those with HER-2� tumors (Fig. 2). We therefore decided to
study two different Cox proportional hazards models for the
two comparisons of HER-2 status. Table 2 shows the results
for the comparison of HER-2 2�/HER-2� tumors versus
HER-2 0 and 1� tumors. Age and Ki-67 were dichotomized
around the median values of 57 years and 20%, respectively.
Tumor diameter was categorized as 1–10 mm, 11–20 mm,
21–50 mm, and �50 mm. A HER-2 2�/HER-2� tumor status
was independently associated with a worse DFS outcome in
this comparison (HR, 2.596; 95% CI, 1.782–3.781; p � .001).
Table 3 shows the results for the comparison of a HER-2 2�/
HER-2� tumor status with a HER-2� tumor status. Age and
Ki-67 were dichotomized around the median values of 57
years and 27%, respectively. Tumor diameter was categorized
as 1–10 mm, 11–20 mm, 21–50 mm, and �50 mm. Because of
the violation of the proportional hazards assumption, an ex-
tended Cox proportional model was used with the inclusion of
an interaction term between HER-2 status and a newly created
time-dependent covariate. In this model, HER-2 status also
was independently associated with the DFS outcome,
with a hazard that initially favored patients with HER-2
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2�/HER-2� tumors (HR, 0.363; 95% CI, 0.169 – 0.779; p �
.009) but worsened every year by a factor of 1.649 (95% CI,
1.327–2.049; p � .001). No significant interaction was
found between HER-2 status and axillary lymph node in-
volvement and hormone receptor status in either multivari-
ate model (not shown).

Because, compared with tumors with HER-2 scores of 0
and 1�, HER-2 2�/HER-2� tumors were more frequently
high grade (grade 3) and showed a higher proliferation rate, we
sought to elucidate whether or not the combined effect of these
adverse features, rather than the HER-2 2�/HER-2� status it-
self, could be responsible for the observed difference in prog-
nosis. For this purpose, tumors were categorized as luminal A
(ER�, Ki-67 �14%, HER-2�), luminal B/HER-2� (ER�,
Ki-67 �14%, HER-2�), HER-2�, and triple negative (ER�,
PgR�, and HER-2�). This IHC-based tumor categorization

has been shown to approximate molecularly characterized in-
trinsic breast cancer subtypes, each of which has been found to
be associated with a distinct prognosis [22–24]. In particular,
the luminal A subtype carries the best prognosis. Despite being
worse than that of luminal A, the prognosis of patients with lu-
minal B/HER-2� tumors is better than that of patients with
HER-2–enriched and triple-negative tumors, which represent
the most biologically aggressive subtypes of breast cancer. To-
tals of 297 (26%), 607 (53%), 123 (11%), and 123 (11%) tu-
mors in our series were categorized as luminal A, luminal
B/HER-2�, HER-2�, and triple negative, respectively. Ka-
plan–Meier and Cox proportional hazards analyses confirmed
that this classification was associated with the DFS outcome
(supplemental online Fig. S2). In fact, compared with HER-2 0
and 1� tumors, a significantly higher proportion of HER-2
2�/HER-2� tumors were luminal B/HER-2� and triple nega-

Table 1. Patient demographics according to HER-2 status

Characteristic
HER-2 0
(n � 457)

HER-2 1�
(n � 454)

HER-2 2�/
HER-2�

(n � 116)
HER-2�a

(n � 123) p-value

Median (range) age at time of surgery, yrs 59 (29–86) 56 (17–83) 57 (28–89) 57 (30–87) .958

Median (range) pathological tumor diameter, mm 15 (0–80) 16 (0–120) 22 (2–80) 20 (1–70) �.001

Histotype

Ductal 342 (75) 359 (79) 92 (79) 117 (95) �.001

Lobular 81 (18) 74 (16) 13 (11) 3 (2)

Other 34 (7) 21 (5) 11 (10) 3 (2)

Histopathological grade

1 69 (15) 69 (15) 4 (3) 0 (0) �.001

2 195 (43) 204 (45) 41 (35) 33 (27)

3 189 (41) 176 (39) 71 (61) 87 (71)

Undetermined 4 (1) 5 (1) 0 (0) 3 (2)

Median (range) Ki-67, % 20 (1–99) 20 (1–95) 26 (1–95) 28 (3–72) �.001

ER�b 392 (86) 412 (91) 98 (84) 75 (62) �.001

PgR�b 331 (73) 347 (77) 78 (67) 34 (28) �.001

ER� and/or PgR�b 403 (88) 426 (93) 101 (87) 81 (66) �.001

n of metastatic axillary lymph nodes

0 267 (58) 251 (55) 43 (37) 64 (52) �.001

1–3 120 (26) 123 (27) 41 (35) 23 (19)

�3 70 (15) 80 (18) 32 (28) 36 (29)

Adjuvant medical therapy

Adjuvant chemotherapy only 57 (12) 34 (8) 20 (17) 36 (29) �.001

Adjuvant endocrine therapy only 233 (51) 219 (38) 32 (28) 31 (25)

Both adjuvant endocrine and chemotherapy 153 (34) 190 (42) 63 (54) 53 (43)

No adjuvant medical therapy 14 (3) 11 (2) 1 (1) 3 (2)

Adjuvant radiation therapy 388 (85) 372 (82) 103 (89) 94 (76) .044

Numbers in parentheses represent ranges or percentages.
aEither 3� by immunohistochemistry or 2� by immunohistochemistry with FISH-proven HER-2 amplification.
bCutoff for positivity was set at �10% of cells staining positively for ER or PgR.
Abbreviations: ER, estrogen receptor; FISH, fluorescence in situ hybridization; HER-2, human epidermal growth factor
receptor 2; PgR, progesterone receptor.
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tive (Table 4). However, in each of the IHC-defined tumor sub-
types, a HER-2 2� score combined with a HER-2� FISH
status was still significantly associated with a worse DFS out-
come (Fig. 3).

DISCUSSION
In this series of patients with early breast cancer, we found that
patients with tumors showing moderate immunostaining for
HER-2 (2�) in the absence of HER-2 amplification had dis-
tinct pathological features and prognoses. Compared with pa-
tients with tumors with low (1�) or absent (0) HER-2
immunostaining, those with HER-2 2�/HER-2� tumors more
frequently had larger diameter, grade 3 tumors, a higher Ki-67
score, and axillary lymph node involvement. All these features
are similar to those of patients with HER-2� tumors, from
which HER-2 2�/HER-2� tumors differed because of more
frequent hormone receptor positivity and less frequent ductal
histology. In the comparison between HER-2 0 and 1� tumors
and HER-2 2�/HER-2� tumors, we confirmed that HER-2
status was an independent predictor of the DFS time. Further-
more, HER-2 2�/HER-2� tumors were more likely to be lu-
minal B/HER-2� and triple-negative tumors than their HER-2
0 and 1� counterparts, a factor that may have contributed to
the observed differential prognosis. However, HER-2 2�/
HER-2� status was significantly associated with a worse DFS
outcome within each IHC-defined tumor subtype (luminal A,
luminal B/HER-2�, and triple negative). Therefore, the first
conclusion that we can draw from our results is that, in the clin-
ical spectrum of commonly defined HER-2� tumors, two dis-
tinct entities do exist. The comparison between HER-2� and
HER-2 2�/HER-2� tumors revealed provoking findings. Not
unexpectedly, patients with HER-2� tumors tended to develop
early DFS events. Conversely, patients with HER-2 2�/

Figure 1. Kaplan–Meier estimates of disease-free survival probability according to HER-2 status. Yellow line, HER-2 0�; blue line,
HER-2 1�; red line, HER-2 2�/HER-2�; green line, HER-2�.

Figure 2. Time-dependent hazard ratio for a HER-2 2�/HER-2�

versus a HER-2� tumor status with pointwise 95% confidence interval.
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HER-2� tumors were characterized by a higher incidence of
late DFS events. This translated into a time dependence of the
HR for relapse when patients with these tumors were com-
pared with those with HER-2� tumors. Thus, the second con-
clusion that we can draw from our data is that, because of the
better outcome in patients with HER-2� tumors receiving an-
ti–HER-2 adjuvant treatments, patients with HER-2 2�/
HER-2� tumors might become the group with the most
adverse prognosis and on which to focus research efforts.

Although the association between HER-2 status and prog-
nosis has been known since the mid-1980s [6, 17, 25], only a
few studies have analyzed the prognostic value of the defini-
tion of HER-2 status that is adopted in the clinic to establish
patient eligibility for anti–HER-2 treatments. Birner et al. [26]
assessed HER-2 status using the HercepTest™ and other IHC
methods in 303 node-positive breast cancer patients. All tumor
specimens were submitted to FISH analysis to detect HER-2
amplification. HercepTest™ 3� cases, all of which were
HER-2 amplified by FISH, had the worst prognosis in terms of
DFS and overall survival outcomes. Although no significant
differences were found among patients with tumors with 0,
1�, and 2� immunostaining scores in terms of their overall
survival time, 2� cases showed a significantly longer DFS

time. One of the limitations of that study was the very low
number of HER-2 2� tumors analyzed. Furthermore, and most
importantly, the authors could not confirm any impact of
HER-2 status on outcomes in multivariate analyses.

More recently, Ménard et al. [27] investigated the prognos-
tic role of the HER-2 IHC score in a large multi-institutional
database of 1,794 early breast cancer patients diagnosed in
2000 –2001. HER-2 status was determined using different
methods and reagents, including the HercepTest™ in 12% of
cases, the polyclonal anti–p-185 antibody used in the
HercepTest™ in 19% of cases, and the CB-11 mAb in 20% of
cases. Notably, in 39% of the cases, the reagents used were not
indicated. Results in the overall population confirmed that a

Table 2. Multivariate analysis of predictors of the
disease-free survival time in patients with HER-2 0/1�
and HER-2 2�/HER-2� tumors (n � 1,018)

Factor HR 95% CI p-value

HER-2 status

HER-2 0 or 1� 1

HER-2 2�/HER-2� 2.596 1.782–3.781 �.001

Gradea

1 1

2 1.894 0.999–3.593 .05

3 2.832 1.492–5.374 .001

Hormone receptor statusb

ER� and/or PgR� 1

ER� and PgR� 2.238 1.550–3.231 �.001

n of positive axillary
lymph nodes

0 1

1–3 1.265 0.871–1.838 .216

�3 4.411 3.161–6.154 �.001

Receipt of adjuvant radiotherapy

No 1

Yes 0.476 0.340–0.668 �.001
aCases with undetermined histopathological grade were
excluded from the analysis.
bPositivity is defined as �10% of cells staining positively
for either ER or PgR.
Abbreviations: CI, confidence interval; ER, estrogen
receptor; HER-2, human epidermal growth factor receptor
2; HR, hazard ratio; PgR, progesterone receptor.

Table 3. Multivariate analysis of predictors of the
disease-free survival time in patients with HER-2 2�/
HER-2� and HER-2� tumors

Factor HR 95% CI p-value

HER-2 status

HER-2� 1

HER-2 2�/HER-2� 0.363 0.169–0.779 .009

T_COV*HER-2 statusa 1.649 1.327–2.049 �.001

Hormone receptor statusb

ER� and/or PgR� 1

ER� and PgR� 2.421 1.523–3.846 �.001

n of positive axillary
lymph nodes

0 1

1–3 1.197 0.631–2.270 .582

�3 5.209 3.058–8.873 �.001

Receipt of adjuvant radiotherapy

No 1

Yes 0.443 0.259–0.760 �.001
aT_COV is expressed in years.
bPositivity is defined as �10% of cells staining positively
for either ER or PgR.
Abbreviations: CI, confidence interval; ER, estrogen
receptor; HER-2, human epidermal growth factor receptor
2; HR, hazard ratio; PgR, progesterone receptor.

Table 4. Prevalence of HER-2 2�/HER-2� tumors in
immunohistochemically defined luminal A and luminal
B/HER-2� tumors

Subtype
HER-2 0 or
1�

HER-2 2�/HER-
2�

Luminal A 282 (31) 14 (12)

Luminal B/HER-2� 522 (57) 84 (72)

Triple negative 107 (12) 18 (16)

Total 911 116

Numbers in parentheses indicate column percentages. �2

test, p � .001.
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3� score was associated with the worst prognosis in terms of
the DFS interval. No effect was seen for the 2� category.
However, in patients with axillary lymph node–positive dis-
ease, patients whose tumors were scored 2� had a worse DFS
outcome than those with 0 or 1� tumors, and the Kaplan–
Meier curve of DFS probabilities of these patients overlapped
with that of patients with 3� tumors at about 50 months of fol-
low-up. It would have been interesting to see whether or not
longer follow-up could have revealed more late DFS events in
patients with 2� tumors, as we observed in our study.

A third, smaller study confirmed the adverse prognostic ef-
fect of both a 1� and 2� status over no HER-2 positivity
(score of 0) in 91 patients with axillary lymph–node positive
breast cancer receiving doxorubicin-based chemotherapy [28].
These findings in lymph node–positive patients are consistent
with what we observed in our large, single-institution series of
patients. Additionally, we could also confirm the same effect
in patients with lymph node–negative tumors, regardless of the
hormone receptor status. The strength of our observation is re-
inforced by the fact that we studied a large, single-institution
series of patients with adequate postsurgical follow-up and,
most importantly, centralized HER-2 testing. We therefore be-
lieve that the prognostic effect of a HER-2 2�/HER-2� status
on prognosis is not a random finding and that it is worthy of
further investigation. The association between a HER-2 2�/
HER-2� status and adverse histopathological factors supports
the hypothesis that greater signaling leading to aggressive bi-
ological behavior also can occur in the absence of HER-2 am-
plification. A similar phenomenon was also documented in
other diseases in which HER-2 amplification is rare or absent,
like prostate cancer and uterine carcinoma [29, 30]. In those
studies, low to moderate HER-2 IHC positivity was found to be
correlated with adverse histopathological features and progno-
ses.

In conclusion, we found that HER-2 2�/HER-2� tumors,
which are usually defined as HER-2� by the diagnostic algo-
rithm that is used to establish eligibility for anti–HER-2 treat-
ments, carry a prognosis that is worse than that of tumors with
no or weak HER-2 expression (IHC score of 0 or 1�). Further-
more, in the absence of adjuvant anti–HER-2 therapy, the
prognosis of these patients is significantly better than that of
patients with HER-2� tumors in the initial 4–5 years of fol-
low-up but worsens with longer follow-up.

As a result of suggestions from large, randomized, adju-
vant trials that the benefits of trastuzumab may not be limited
to patients with HER-2� tumors, patients with HER-2 2�/
HER-2� tumors are ideal candidates for studies testing this hy-
pothesis.
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