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Overexpression of the HER-2/neu oncogene appears
to have prognostic significance in breast cancer. Re-
cently, some have reported a relationship between
increased immunohistochemical expression in osteo-
sarcoma and poor clinical outcome. Despite limited
data, a pilot trial of Herceptin, which targets the on-
cogene product, has been initiated for the therapy of
some metastatic osteosarcomas (CCG-P9852). Archi-
val formalin-fixed, paraffin-embedded tissue obtained
from 41 patients diagnosed with osteosarcoma was
examined immunohistochemically by 2 antibodies
against the HER-2/neu oncogene product: CB-11
(monoclonal, 1/100) andOncor (polyclonal, 1/200). All
but one tumor (case of recurrent dedifferentiated
parosteal osteosarcoma) represented primary tumor
samples; when applicable, only prechemotherapy bi-
opsies were analyzed. The study sample included the
full spectrum of histologic subtypes and grades of os-
teosarcoma (25 conventional high grade; 3 telangiec-
tatic; 1 small cell; 6 parosteal; 1 periosteal; and 5 low-
grade intramedullary). A case of metastatic breast
cancer with known overexpression of the HER-2/neu
oncogene served as the positive control. Complete
membranouspositivity, consideredprognostically sig-
nificant in breast cancer, was not seen in any of our
osteosarcoma cases. At least focal cytoplasmic positiv-
ity was documented in 40 (98%) tumors using the
CB11 antibody and in 34 (83%) using the Oncor anti-
body. The intensity of the cytoplasmic staining (0,

1–3�) did not correlate with histologic subtype/grade,
response to chemotherapy (<90% versus >90% ne-
crosis), metastasis, or survival. Immunohistochemical
overexpression of the HER-2/neu oncogene, defined
as complete membranous positivity, is not present in
our series of osteosarcomas. Cytoplasmic positivity is
observed in most osteosarcomas, irrespective of his-
tologic subtype/grade, and is not associated with re-
sponse to preoperative chemotherapy or disease
progression.

KEY WORDS: Grade, HER-2/neu, Immunohisto-
chemistry, Osteosarcoma, Subtypes.

Mod Pathol 2001;14(12):1277–1283

Recently, Gorlick (1) and colleagues analyzed
paraffin-embedded tissue from 53 patients with high-
grade osteosarcoma, diagnosed and treated atMemo-
rial Sloan Kettering Cancer Center between 1986 and
1993. Immunoexpression of HER-2/neu was associ-
ated with a “significantly worse histologic response”
and decreased survival. Similary, Onda and others (2),
using immunoblotting, also found a correlation be-
tween decreased survival and “apparent ErbB-2 ex-
pression.” Despite limited data, especially when com-
pared with breast cancer, pilot trials using Herceptin
in recurrent osteosarcomas that overexpress HER-2/
neu are now underway (CCG-P9852). Because of con-
cerns raised in the breast cancer literature regarding
methodologies as well as the reproducibility of the
detection and prognostic significance of HER-2/neu,
we report herein our clinicopathologic and immuno-
histochemical results among 41 patients with osteo-
sarcoma using 2 different antibodies. We also sought
to determine the significance of these findings among
a variety of osteosarcoma subtypes (including surface
forms) and grades, which to our knowledge, has not
been reported.
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MATERIALS AND METHODS

Archival formalin-fixed, paraffin-embedded ma-
terial and medical records from 41 consecutive pa-
tients diagnosed with osteosarcoma were obtained
from the files of the University of North Carolina
(21 patients) and Wake Forest University Baptist
Medical Center (20 patients). If applicable, only
prechemotherapy tissue from the primary tumor
(25 patients) was used. One locally recurrent, ded-
ifferentiated parosteal osteosarcoma was exam-
ined. No metastases were evaluated. All were exam-
ined immunohistochemically by 2 antibodies
against the HER-2/neu oncogene product. The an-
tibodies and their specific methodologies are as
follows.

For both antibodies, the procedure was similar,
with the exception of the dilutions used and the fact
that antigen retrieval was only used with the poly-
clonal Oncor antibody.

Five-micrometer sections were cut and mounted
onto Probe On Plus slides (Fisher Scientific Bio-
medical Sciences, Inc., Swedesboro, NJ). After
deparaffinization in xylene, the slides were rehy-
drated in a graded series of alcohol, rinsed under
running water, and placed into a MicroProbe slide
holder (Fisher). Slides requiring antigen retrieval
(Oncor polyclonal) were immersed in a 1� solution
of Citra (BioGenex, San Ramon, CA) and placed in a
Black and Decker steamer for 30 minutes, after
which the slides were removed and allowed to cool
at room temperature for 20 minutes. All slides were
rinsed 4 times in 1� Automation Buffer (Biomeda,
Foster City, CA), and the endogenous peroxidase
was quenched for 5 minutes at 37° C using Endog-
enous Blocking Reagent (Dakopatts, Carpinteria,
CA). An additional 4 rinses with Automation Buffer
were performed, followed by incubation in Protein
Blocking Reagent (BioGenex) for 7 minutes at 37° C.
The Protein Blocking Reagent was drained off, and
the slides were incubated in either a 1:200 dilution
of polyclonal anti-HER-2/neu (Oncor, Inc., Gaith-
ersburg, MD, Lot 7C123) or a 1:100 dilution of
mouse anti-HER-2/neu (BioGenex, clone CB11, Lot
MU1340799) for 30 minutes at 37° C. The slides
were then rinsed 4 times in Automation Buffer.
Detection of the primary antibody involved the Su-
per Sensitive Multi Link Detection Kit (Biogenex)
using the avidin-biotin/horseradish peroxidase
(HRP) methodology. The slides were incubated in
the biotinylated secondary antibody for 7 minutes
at 37° C, followed by 4 rinses with Automation
Buffer. Next, the slides were incubated in the HRP
label for 7 minutes at 37° C and again rinsed in
Automation Buffer. 3,3'-diaminobenzidene tetrahy-
drochloride (3,3'-diaminobenzidine) chromogen
(substrate) was used for the visualization of the
antibody/enzyme complex. 3,3'-Diaminobenzidine

was applied to the slides for 5 minutes at 37° C
while development was visualized under a micro-
scope intermittently. The slides were rinsed in Au-
tomation Buffer, removed from the MicroProbe
slide holder, and placed in running tap water. The
sections were then counterstained using Harris’ he-
matoxylin (DAKO) for 5 seconds, rinsed in running
tap water, and “blued” by placing them in Automa-
tion Buffer. The sections were again placed in run-
ning tap water, dehydrated in a graded series of
alcohols, cleared in 2 changes of xylene, and per-
manently mounted with PerMount (Fisher). Appro-
priate positive and negative controls were used
throughout the procedures. Sections of a case of
breast cancer with known overexpression of HER-
2/neu oncogene served as the positive control (Fig.
1).

All cases were examined for positivity (membra-
nous versus cytoplasmic) and quantitated, if appli-
cable. Cytoplasmic positivity was scored as follows:
negative or 0 � no staining or staining in less than
10% of cells; 1� � faint/barely perceptible staining
in more than 10% of cells; 2� � weak to moderate
staining in more than 10% of cells; and 3� � mod-
erate to strong staining in more than 10% of cells.
We purposely used only blocks of tissue with
viable-appearing tumor, avoiding areas of necrosis.

Statistical analysis to evaluate the amount of
agreement between the 2 antibodies was based on
the kappa statistic. For survival analysis, the log-
rank test statistic and Kaplan-Meier estimates were
evaluated. To test the correlation of staining inten-
sity with histologic subtype/grade, response to che-
motherapy, and metastasis, the Mantel-Haenszel
correlation statistic was used. Fisher’s exact test
was used to test for an association in general, not
just a correlation. In summary, the Mantel–Haens-
zel nonzero correlation assumes the intensity of
staining is ordinal, whereas the Fisher’s exact test
does not. The latter can be thought of as comparing
among levels of staining without assuming that
they are ordered.

RESULTS

The clinicopathologic features of the study cases
and the scoring results of the 2 antibodies are sum-
marized in Table 1. All but 1 patient (Patient 26),
who was diagnosed in 1985, were initially diag-
nosed and treated between the years of 1990–2000.
There were 22 males and 19 females ranging from 7
to 88 years of age (mean, 29 years). The study sam-
ple included the full spectrum of histologic sub-
types and grades of osteosarcoma (25 conventional
high grade; 3 telangiectatic; 1 small cell; 6 parosteal;
1 perisoteal; and 5 low-grade intramedullary
forms). As stated in Table 1, chemotherapy refers
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only to neoadjuvant preoperative chemotherapy,
not postoperative chemotherapy. Only two older
adult patients with high-grade osteosarcoma (Pa-
tients 7 and 24) did not receive any chemotherapy
because of preexisting health conditions and poor
compliance, respectively. Complete membranous
positivity was not seen in any of our osteosarcoma
cases. At least focal cytoplasmic positivity (more
than 10% of cells) was documented in 40 (98%)
tumors using the CB11 antibody and in 34 (83%)
using the Oncor antibody (Fig. 2). Osteoclast-type
giant cells also showed cytoplasmic positivity.
There was no difference observed among decalcifi-
cation versus nondecalcification specimens. The
weighted kappa statistic indicated that there was
poor agreement between the 2 antibodies (weight-
ed kappa � .079 with CI � �0.164, 0.321). With the
values of the antibodies collapsed to positive (2–
3�) vs. negative (0–1�), there remained poor
agreement between the 2 measures (kappa � .093,
95% CI � �0.171, 0.357). This appears driven by the
9 cases that were positive for CB11 but negative for
the Oncor polyclonal.

The intensity of the cytoplasmic staining for CB11
did not correlate with histologic subtype/grade
(high vs. low, Mantel-Haenszel P value � .202; Fish-
er’s exact test, P � .156), response to chemotherapy
(less than 90% versus more than 90% necrosis for
conventional high-grade subtype; Fisher’s exact
test, P � .320), metastasis (Mantel-Haenszel P value
� .821; Fisher’s exact test, P � .796), or survival
(alive versus dead of disease; log-rank P value �
.861).

Similarly, the intensity of the cytoplasmic stain-
ing for Oncor polyclonal was not significantly asso-
ciated with response to chemotherapy (less than
90% vs. more than 90% necrosis for conventional
high-grade subtype; Mantel-Haenszel P value �
.818; Fisher’s exact test, P � .157), metastasis
(Mantel-Haenszel P value � .681; Fisher’s exact
test, P � .952), or survival (alive versus dead of
disease; log-rank P value � .444). Kaplan-Meier sur-
vival estimates for levels of CB11 and Oncor are
illustrated in Figure 3. For histologic grade, the
Fisher’s exact test did detect an association be-
tween the level of staining and the percentage of

FIGURE 1. A case of metastatic ductal carcinoma of the breast showing the characteristic 3� membranous positivity of HER-2/neu overexpression
as scored by the HercepTest kit (Oncor, original magnification, 100�).
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high-grade tumors (P � .019); however, the associ-
ation is not linear. That is, the percentage of high
grade does not increase linearly as the levels of
staining increase; therefore, it is not detected (or
significant) by the Mantel-Haenszel nonzero corre-
lation test (P value � .341).

DISCUSSION

The HER-2/neu oncogene encodes a 185-kDa
transmembrane protein with significant homology
to epidermal growth factor receptor and is a mem-
ber of the tyrosine kinase receptor family. Numer-
ous studies have documented a significant relation-
ship between amplification and overexpression of

the HER-2/neu (c-erbB-2) oncogene and poor
prognosis among patients with breast cancer (3–6).
Recent investigations have focused on HER-2/neu
status in breast cancer as a predictor of response
and/or resistance to certain chemotherapeutic
agents, including Herceptin (trastuzumab), cisplati-
num, cyclophosphamide, methotrexate, and doxo-
rubicin (7, 8). However, because of various proto-
cols, methodologies, and scoring systems for the
detection of HER-2/neu, considerable controversy
remains and some studies have found conflicting
results, especially among patients with node-
negative breast cancer (9, 10). Immunohistochem-
istry is the most common method for detection of
HER-2/neu overexpression but is significantly af-

TABLE 1. Clinicopathologic Features and Immunohistochemical Results of HER/2-neu in the Study Sample

No. Age (y)/Gender Subtype CB 11 Oncor Surgery Chemo Mets FU (mo)

1 14M TG 3 1 LSR Yes Yes Alive (32)
2 15M TG 2 3 LSR Yes No Alive (24)
3 13F TG 3 3 LSR Yes No Alive (96)
4 73F HG 3 3 LSR No Yes Alive (46)
5 20M HG 3 3 LSR Yes No Alive (40)
6 65F HG 2 3 AKA No Yes Alive (32)
7 88F HG 3 2 Biopsy No No DOD (9)*
8 15M HG 3 3 BKA Yes No Alive (2)
9 16F HG 2 3 Sac Yes No Alive (50)

10 49M HG 2 3 LSR Yes No Alive (30)
11 30F HG 2 2 Hem Yes Yes DOD (11)
12 10F HG 2 3 Rib res Yes No Alive (42)
13 13M HG 3 3 Fore A Yes Yes Alive (33)
14 18F HG 3 3 BKA Yes No Alive (7)
15 14M HG 3 0 BKA Yes Yes Alive (21)
16 10F HG 3 0 LSR Yes No Alive (23)
17 17M HG 3 0 LSR Yes Yes Alive (10)
18 14M HG 2 0 LSR Yes Yes Alive (7)
19 12F HG 2 3 LSR Yes Yes DOD (60)
20 15F HG 3 3 LSR Yes No Alive (96)
21 19M HG 3 3 LSR Yes Yes DOD (26)
22 18M HG 3 3 LSR Yes Yes Alive (24)
23 41F HG 3 3 Clav res Yes No Dead (6)
24 58M HG 3 3 AKA No No Alive (15)
25 20M HG 3 3 LSR Yes No Alive (22)
26 17M HG 3 2 AKA No N/A N/A
27 7M HG 3 2 LSR Yes Yes Alive (36)
28 19M HG 3 3 BEA Yes No Alive (2)
29 41M SC 0 0 LSR Yes No Alive (36)
30 32F LGPA 3 1 LSR No No Alive (36)
31 22F LGPA 2 2 LSR Yes Yes Alive (37)
32 19M LGPA 3 2 LSR No No Alive (12)
33 30M DEPA 2 2 LSR No No Alive (192)
34 28F LGPA 2 1 LSR No No Alive (96)
35 23F LGPA 2 2 BKA No N/A N/A
36 36F LG 2 2 LSR No No Alive (50)
37 41M LG 2 3 LSR No Yes DOD (17)
38 48F LG 3 2 BKA No No Alive (7)
39 54F LG 3 0 LSR No No Alive (70)
40 27M LG 1 3 Spine exc No No Alive (12)
41 58M PE 3 0 LSR No No Alive (15)

Age � age at diagnosis; G � gender; M � male, F � female; Subtype � histologic subtype; TG � telangiectatic; HG � conventional high grade; SC �
small cell; LGPA � low grade parosteal; DEPA � dedifferentiated parosteal; LG � intramedullary low grade or well-differentiated; PE � periosteal;
Surgery � primary surgical therapy; LSR � limb salvage resection; BKA � below-the-knee amputation; AKA � above-the-knee amputation; Sac �
hemisacrectomy; Hem � hemipelvectomy; Rib res � rib resection; Fore A � forequarter amputation; Clav res � clavicle resection; BEA � below elbow
amputation; Spine exc � wide local excision (specifically of a spinal lesion); Chemo � neoadjuvant preoperative chemotherapy; Mets � presence of
metastasis; FU � follow-up status; BX � incisional biopsy; DOD � dead of disease; dead � dead of causes not directly attributable to the disease; N/A �
not available.

* The patient had an unresectable tumor of the maxillary sinus and because of her age (88 y) at diagnosis received no chemotherapy but did receive
radiation treatments. It is unclear whether she died specifically related to the tumor; she developed no evidence of metastasis, but significant and morbid
local extension may have contributed to her death.
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fected by the type of tissue used (frozen versus
fixed) and the sensitivity of different antibodies,
reportedly ranging from 6–80% (11). In most series
using immunohistochemistry, only a membranous
pattern of staining has been considered specific for
HER-2/neu and correlated with gene expression
(12). Conversely, cytoplasmic staining is generally
considered nonspecific. However, we should point
out that cytoplasmic positivity has been reported as
being prognostically significant in other carcino-
mas, such as bladder, nasopharyngeal, colorectal,
and papillary thyroid carcinoma (13–16). At the
present time, a precise definition of HER-2/neu
overexpression and its significance remains un-
clear, and there is no consensus as to the best
method for determining HER-2/neu status (12).
Against this backdrop of controversy regarding
methodologies and the prognostic significance of
HER-2/neu oncoprotein expression in breast can-
cer, we sought to examine the limited and recent
evidence suggesting a relationship between HER-2/
neu oncoprotein overexpression and survival in
osteosarcoma.

In 1996, Onda et al. (2) documented “ErbB-2”
expression in 11 of 26 osteosarcoma cases using
immunoblot analysis and confirmed by immuno-
histochemical studies (CB11 antibody). Regarding
the level of staining intensity, individual cases were
qualitatively designated as little, weak, moderate,
and high, yielding scores of 0, 1�, 2�, and 3�,
respectively (2). No quantification (e.g., number or
percentage of cells positive) requirement was doc-
umented. It appears that any membranous positiv-
ity (e.g., �1�) was considered significant, but it is
unclear whether the authors required complete (or
incomplete) membranous staining. However, most
important, “neither amplification of the c-erbB-2
gene nor evidence of significant genetic mutation
was found in these osteosarcomas” by Southern
blot hybridization (2). The authors reported a
strong correlation with immunoblotting and the
development of pulmonary metastases. Gorlick and
colleagues documented high levels of HER-2/neu
expression in 20 (of 47) osteosarcoma samples. Pos-
itive immunoexpression was defined as membra-
nous positivity and scored using the 5B5 antibody

FIGURE 2. Typical cytoplasmic positivity for HER-2/neu overexpression observed in a case of high-grade conventional osteosarcoma. Distinct
complete membranous staining was not observed in any of the cases (CB11, original magnification, 100�).
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according to the following parameters: 0 (no stain-
ing), 1� (1–25% staining), 2� (26–50% staining), 3�
(51–75% staining), and 4� (76–100% staining). Ac-
cording to the authors, greater than or equal to 2�
“correlated with at least 1� staining using the con-
trols and criteria provided in the HercepTest kit
(1).” However, we should point out that using the
criteria employed by the HercepTest kit (DAKO),
scores of 0 (no staining or staining in less than 10%
of cells) and 1� (incomplete membranous staining
more than 10% of cells) are considered negative,
whereas scores of 2� (mild to moderate complete
membranous staining in more than 10% of cells)
and 3� (strong complete membranous staining in
more than 10% of cells) are considered positive
indicators of HER-2/neu oncogene overexpression
(17). Furthermore, in breast cancer, those tumors
with 2� immunoexpression appear to be a hetero-
geneous group of tumors, with less than half show-
ing true amplification of the HER-2/neu oncogene
by FISH analysis (17). Recently, among 22 pretreat-
ment osteosarcoma samples, Zhou and colleagues
(18) reported a correlation between “cytoplasmic
staining” of HER-2/neu and increased risk of pul-
monary metastasis. Maitra and others (19) evalu-
ated 18 high grade osteosarcomas using both im-
munohistochemistry and FISH analysis. Immuno-
histochemical overexpression of HER-2/neu was

not observed. Furthermore, by FISH analysis, no
evidence of amplification of the HER-2/neu onco-
gene was seen (19). In our series, we evaluated
prechemotherapy samples (if applicable) from 41
osteosarcoma cases, 25 of which represented the
conventional high-grade form. Using 2 antibodies
to the HER-2/neu oncogene product, complete
membranous staining in more than 10% of cells
was not observed in any of the osteosarcomas.
However, at least focal cytoplasmic positivity was
seen in 40 (98%) tumors using the CB11 antibody
and in 34 (83%) tumors using the Oncor polyclonal
antibody. The intensity of staining (0, 1–3�) did not
correlate with histologic subtype/grade, response
to chemotherapy, metastasis, or survival.

Although immunohistochemical staining appears
to be the predominant method for determining
HER-2/neu oncogene overexpression, the results
may be substantially affected by technical issues,
including fixation duration and prolonged storage.
Another potential problem for immunohistochem-
ical determination is the type and sensitivities of
the antibodies used. This may be even further com-
pounded by the different scoring systems de-
scribed. In most studies, the incidence of HER-2/
neu oncogene overexpression in breast cancer
ranges from 20–30% (12). Several investigators have
reported variable results for HER-2/neu oncogene
immunoexpression among different antibodies (20,
21). Using the scoring system of the HercepTest,
Maia evaluated 69 breast cancers using the Her-
cepTest kit and a polyclonal antibody from Oncor,
Inc (20). Thirteen tumors (19%) appeared positive
for overexpression with the Oncor antibody,
whereas 34 tumors (50%) were positive with the
HercepTest kit. Roche and Ingle evaluated tissue
samples from 80 patients with resected node-
positive breast cancer using the HercepTest kit and
the monoclonal antibody CB11 (21). The incidence
of HER-2/neu overexpression using CB11 was 26%
(21 patients). However, 32 (54%) of the remaining
59 patients considered negative for overexpression
by CB11 (0 or 1�) were found to be positive (2 or
3�) using the HercepTest kit (21). Statistically, in
our series, there was also poor agreement among
the 2 antibodies used. We documented six cases
that were positive using CB11 but were completely
negative (no staining, 0) for the Oncor polyclonal.

In conclusion, immunohistochemical expression
of the HER-2/neu oncogene, defined as complete
membranous positivity, is not present in our series
of osteosarcomas. Cytoplasmic positivity is ob-
served in most osteosarcomas, irrespective of his-
tologic subtype/grade, and does not appear associ-
ated with response to preoperative chemotherapy
or disease progression. Different antibodies as well
as variable scoring systems may contribute to dis-
crepant results among various studies. Additionally,

FIGURE 3. A, Kaplan–Meier survival estimates for levels of CB11. B,
K–M survival estimates for levels of Oncor.
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our study was limited by a relatively small sample
size. Before the acceptance of patients into trials for
the humanized monoclonal antibody Herceptin
(Genetech, San Francisco, CA) based solely on pos-
itive immunohistochemical results, a consensus
should be reached regarding the most reliable and
reproducible methods for determining HER-2/neu
status. To date, no evidence of gene amplification
or mutation of the HER-2/neu oncogene has been
documented in osteosarcoma (2, 19).
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