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Abstract

Background—Since the initial reports of human epidermal growth factor receptor 2 (HER-2) 

expression as being prognostic in osteosarcoma, numerous small studies varying in the 

interpretation of the immunohistochemical (IHC) staining patterns have produced conflicting 

results. The Children’s Oncology Group therefore embarked on a prospective biology study in a 

larger sample of patients to define in osteosarcoma the prognostic value of HER-2 expression 

using the methodology employed in the initial North American study describing an association 

between HER-2 expression and outcome.

Procedure—The analytic patient population was comprised of 149 patients with newly 

diagnosed osteosarcoma, 135 with localized disease and 14 with metastatic disease, all of whom 

had follow up clinical data. Paraffin embedded material from the diagnostic biopsy was stained 

with CB11 antibody and scored by two independent observers. Correlation of HER-2 IHC score 
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and demographic variables was analyzed using a Fisher’s exact test and correlation with survival 

using a Kaplan–Meier analysis.

Results—No association was found with HER-2 status and any of the demographic variables 

tested including the presence or absence of metastatic disease at diagnosis. No association was 

found between HER-2 status and either event free survival or overall survival in the patients with 

localized disease.

Conclusion—HER-2 expression is not prognostic in osteosarcoma in the context of this large 

prospective study. HER-2 expression cannot be used as a basis for stratification of therapy. 

Identification of potential prognostic factors should occur in the context of large multi-institutional 

biology studies.
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INTRODUCTION

Osteosarcoma, although relatively rare, is the most common primary malignancy of bone in 

children and adolescents [1]. Treating localized disease with surgery and chemotherapy has 

been relatively successful, but metastatic disease continues to pose more of a challenge [2]. 

Moreover, progress in improving the survival of osteosarcoma patients over the past two 

decades has been limited. Many studies have been performed in an effort to identify 

prognostic factors in order to select patients who might benefit from more intensive therapy 

or be entered into studies of investigational agents. At the same time, biologic studies 

identifying unique features of the malignant cell could form the basis of interventions using 

targeted therapies [3]. Human epidermal growth factor receptor 2 (HER-2) has been a 

protein of interest as a potential prognostic factor as well as a therapeutic target [3,4]. In 

breast cancer, over-expressed HER-2 on the basis of gene amplification has been implicated 

in tumor growth and generally predicts a less favorable prognosis [3,5]. On the other hand, 

patients with breast cancer whose tumors express high levels of HER-2 have shown superior 

outcomes when treated with regimens containing, treatments such as trastuzumab that target 

HER-2 [5]. HER-2 over-expression has also been identified in other malignancies, including 

tumors of the bladder, pancreas and prostate, among others [6–9].

The prognostic relevance of HER-2 in osteosarcoma has been investigated, however results 

have varied across studies and so this issue remains controversial [10,11]. Numerous studies 

have attempted to determine the extent of HER-2 expression and gene amplification in 

osteosarcoma and whether HER-2 expression correlates with survival. Some studies have 

demonstrated that the protein is not over-expressed nor the gene is amplified; others that it is 

over-expressed but not correlated with survival and finally other studies suggest over-

expression is associated with an unfavorable prognosis [10–26]. Unexpectedly, studies by 

Akatsuka et al. demonstrated a correlation of over-expression of HER-2 and a better survival 

outcome [27,28]. The majority of the studies used immunohistochemical staining to define 

protein expression. In these studies, variability existed in methodology, including the 

antibody utilized and the grading system. As HER-2 is a membrane protein in some studies 
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the presence of any cytoplasmic staining led to evaluation of the sample as negative whereas 

in other studies the membrane staining was evaluated independent of the cytoplasmic 

staining [29].

The initial paper describing a less favorable outcome in patients whose osteosarcomas 

expressed HER-2 was replicated in a North American single institution patient cohort, 

driving further interest in this topic [14,20]. Interest in targeting HER-2 led to a phase 2 trial 

of trastuzumab for the treatment of osteosarcoma, which has recently been published [30]. 

The intent of this study was to prospectively define whether HER-2 over-expression is 

prognostic, utilizing samples from patients enrolled on the Children’s Oncology Group 

osteosarcoma biology study using the methodology described in the initial studies in which a 

correlation between HER-2 expression and a poor prognosis was demonstrated.

PATIENTS AND METHODS

Patients

All patients who participated in this study were enrolled on the Children’s Oncology Group 

osteosarcoma biology study, P9851, “Osteosarcoma Biology Studies: Companion to 

Intergroup Therapeutic Studies.” This study was approved by the Institutional Review Board 

of each site that participated in the study. All participants and/or their guardians provided 

written informed consent for participation in the overall study with this being one of the 

planned substudies. The material obtained from the patients, including the paraffin 

embedded tissue in the form of unstained slides or a block were sent to the Cooperative 

Human Tissue Network (CHTN) in Columbus, Ohio for further distribution. Slides were 

anonymized and sent from CHTN to the research laboratory, with the results returned to the 

QuadW Childhood Sarcoma Biostatistics and Annotation Office (CSBAO) at the Children’s 

Oncology Group for correlation with clinical data. The research laboratory had no access to 

any clinical data for any of the patients participating in this study. In order to permit 

correlation with clinical data the patient population with initially localized disease enrolled 

on both the P9754 clinical trial and P9851 biology study were selected for further analysis. 

The P9754 clinical trial, “Protocol For Patients With Newly-Diagnosed Non-Metastatic 

Osteosarcoma: A POG/CCG Pilot Intergroup Study” was opened September 1999 and 

closed February 2002 and tested intensification of doxorubicin and/or ifosfamide/etoposide. 

Also included in the analysis were patients enrolled on P9851, but not on P9754, for whom 

outcome data were available.

Methods

The methodology for staining and interpretation was the same as had been performed 

previously [14]. Paraffin- embedded tissue slides from the biopsies were baked at 60°C for 

45 minutes and then deparaffinized with xylene and various graded alcohols. Endogenous 

peroxidase activity was doused with 0.3% hydrogen peroxide in methanol, and antigenic 

proteins were uncovered by antigen retrieval with 10mM Na-citrate buffer in a water bath of 

about 100°C for 20 minutes, then in room temperature for 20 minutes to cool. The tissue 

was then blocked for 2 hours at room temperature with 10% normal goat serum and 5% 

bovine serum albumin in TBS, and stained with 100µg/ml CB11 antibody (Biogenex, San 
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Ramon, CA) diluted in 5% BSA in TBS in a humidified chamber overnight. Detection of the 

antibody-binding reaction was carried out with biotinylated secondary antibody paired with 

streptavidin-horseradish peroxidase. Avidin-biotinylated enzyme complex (Vectastain ABC 

system, Vector Laboratories, Burlingame, CA) was used according to the company’s 

directions. The tissue was then treated with 3, 3′-diaminobenzidine (Biofx Laboratories, 

Owings Mills, MD), to locate sites of additional antigen binding, followed by counterstain 

with hemotoxylin. Finally, the slides were dehydrated with alcohol, permeated with xylene, 

and mounted with Permount organic mounting solution (Fisher Scientific, Inc., Pittsburgh, 

PA) to be viewed with a Nikon Inverted Microscope ECLIPSE TE200 attached to a CCD 

(Diagnostic Instruments, Sterling Heights, MI) and graded.

The stained slides were scored by two independent observers. Grades of “neg,” “1+,” “2+,” 

“3+,” and “4+” were recorded for each of the samples; “neg” denoted no staining; 1+: 0–

25% of cells stained; 2+: 26–50% of cells stained; 3+: 51–75% of cells stained; and 4+: 

more than 76% of cells stained. Staining was only considered positive if graded with either 

3+ or 4+. Tissues with negative or little/weak staining (1+ and 2+) were considered 

negative.

Statistical Methods

All results were sent to a statistician who had access to the clinical data and the capability of 

un-blinding the laboratory results. The data were analyzed with Fisher’s exact test and 

survival with a Kaplan–Meier analysis. Event-free survival (EFS) was taken to be the time 

from enrollment until disease progression, diagnosis of a second malignant neoplasm 

(SMN), death, or last patient contact, whichever occurred first. A patient who experienced 

disease progression, SMN, or death was considered to have experienced an EFS event; 

otherwise the patient was considered as censored at last contact. Survival was taken to be the 

time from enrollment to death or last patient contact, whichever occurred first. A patient 

who died was considered to have experienced a death event; otherwise the patient was 

considered as censored at last contact. EFS and survival were compared across the 

demographic groups using the log-rank test, and a proportional hazards regression model 

using the demographics information plus HER-2 status was run to estimate hazard ratios for 

EFS and survival [31–33]. Each categorical demographic characteristic of interest was 

checked for association with the CB11 grading within the analytic population using the 

exact conditional test of proportions. Age at enrollment was checked in this manner as a 

categorical variable as well as a continuous variable using the t-test or one-way analysis of 

variance (ANOVA) and Tukey 95% confidence intervals (depending on whether the 

comparison variable had two levels or three or more levels). The analytic population was 

demographically compared to other patients who were eligible but not part of the 

population, and the rest of the patients on P9754 and P9851, to ensure that the analytic 

population was an accurate representation of patients. SAS 9.2 was used for the analysis.

RESULTS

Of the 247 samples that were stained with CB11, 23 samples were excluded for the 

following reasons; inability to match to clinical data (n=10), technical difficulties with 
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staining (n=4), non-osteosarcoma diagnosis (n=4), clinical trial ineligibility (n=4), and 

having osteosarcoma as a second malignant neoplasm (n=1; Fig. 1). An additional four 

samples came from patients who did not have clinical follow up and 29 samples from 13 

patients were excluded due to discordant staining results (Fig. 1). The remaining 191 

samples were obtained from 149 different patients with osteosarcoma, 14 with metastatic 

disease and the remaining 135 with localized disease, with this group making up the analytic 

patient population that was further assessed for correlation with demographic features and 

outcome in this study. The patient tree is provided in Figure 1. Of the 149 patients in the 

analytic population 112 were co-enrolled on the P9754 clinical trial described previously 

and 37 patients had follow up data available although they were only enrolled on the P9851 

biology study.

The initial characteristics of the patients in the analytic population and those enrolled on the 

P9754 and P9851 are summarized in Table I. For the comparison between the analytic 

population and the rest of P9754 and P9851, race was statistically significantly different in 

P9851 (P=0.0387) with a relative paucity of blacks in the analytic population and an excess 

of “Other” and unknown races. Although this is seen in the analytic as compared to the non-

analytic populations of P9851 the overall percentage of blacks and “Other” and unknown 

races included on the studies appear similar. In P9851, the analytic population contained a 

significantly higher proportion of metastatic cases (37.8% in the analytic population vs. 

19.5% in the rest of P9851, P=0.0185). Overall, however, the analytic population seems 

reasonably representative of the total populations of P9754 and P9851 and thus the 

inferences deduced in analysis on the analytic population should generalize reasonably well 

to all of P9754 and P9851. The EFS and OS of patients in the analytic population were 

similar to those enrolled on the P9754 and P9851 studies (Fig. 2 shows the EFS for P9754 

for the analytic and non-analytic populations).

CB11 grades were concordant between the two graders 85% of the time. Samples that 

yielded discordant results were not included in further analyses. In several cases, samples 

were sent from a single specimen to the laboratory in a blinded fashion for repeat analyses. 

The κ statistic for agreement among the subjects with exactly two measurements was 0.24. 

Of the 149 analytic cases, 129 (86.6%) stained negative and 20 (13.4%) stained positive for 

overexpression of HER-2 with the CB11 antibody. Representative staining results are shown 

in Figure 3. HER-2 staining did not correlate with gender (P=0.24), race (P=0.31), ethnicity 

(P=0.10), age (P=0.25), or primary site (P=1.0). The presence of HER-2 overexpression as 

detected by CB11 staining did not correlate with EFS or OS (Figs. 4 and 5). The estimated 

5-year EFS of the patients with metastatic disease who were HER-2 negative was 18.2% and 

HER-2 positive was 0% and patients with non-metastatic disease who were HER-2 negative 

was 59.7% and HER-2 positive was 69.6% (stratified logrank P=0.426). The estimated 5-

year OS of the patients with metastatic disease who were HER-2 negative was 12.1% and 

HER-2 positive was 50.0% and patients with non-metastatic disease who were HER-2 

negative was 72.6% and HER-2 positive was 73.4% (stratified logrank P=0.229). Although 

there appears to be a large difference in survival between CB11 grades in the portion of the 

population with metastatic disease, this is due to the fact that there were only two patients 

with metastatic disease with positive CB11 grades, and one of those two was alive at last 
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contact more than 8 years after enrollment. Therefore, the group with metastatic disease was 

removed from the analysis in Figure 5.

DISCUSSION

This study was undertaken to resolve the ongoing controversy as to whether or not HER-2 is 

expressed in osteosarcoma and, if so, whether or not it is prognostic [29]. This study was 

performed in a blinded, prospective manner utilizing multi-institutional cooperative group 

osteosarcoma samples stained and interpreted with the methodology that had identified 

HER-2 overexpression as prognostic in prior studies [14,20]. In this study 13.4% of the 149 

analytic cases stained positive for over-expression but over-expression did not correlate with 

either EFS or OS. Given the lack of correlation in this study, HER-2 should not be pursued 

further as a prognostic factor in osteosarcoma.

A critical clinical need in osteosarcoma is the identification of prognostic factors that can be 

assessed at diagnosis [2,34].With the exception of the presence or absence of 

radiographically detectable metastatic disease there is no biological or clinical prognostic 

factor that can be used as a basis of stratification of therapy in a newly diagnosed 

osteosarcoma patient [34]. In a manner quite analogous to what occurred with p-

glycoprotein, initial publications suggesting the prognostic value of expression were quickly 

followed by contradictory reports [35,36]. Many of the studies used alternative 

methodologies for staining the tissue, grading the results or assessing for gene amplification 

rather than over-expression [10,12,15,19,24,26,29]. Although these studies may bear upon 

the relevance of HER-2 over-expression as fundamental to the biology of osteosarcoma or 

its utility as a therapeutic target, none directly refute the prognostic value observed in the 

initial studies. Critical to the field in the future will be standardization and replication of 

methodologies to enhance the likelihood results are replicated rather than generating 

controversies which do not move the field forward.

This study, using the same methodologies in a prospective and blinded fashion, did not 

replicate the results of the initial studies. When comparing this study to the prior studies, the 

frequency of HER-2 overexpression was markedly lower than had been reported previously 

[14,20]. Technical differences may account for some of the difference in results, since 

specimen processing and, in particular, decalcification would likely have been less uniform 

in a multi-institutional setting using paraffin embedded material as compared with the initial 

single center experience. This variability may not permit the same optimization of staining 

conditions and may in part account for the difference in the results. In addition, while the 

prior grading system was used, interpretation of immunohistochemical staining is somewhat 

subjective. It is possible that the interpretation of results varied between this and prior 

studies. It therefore remains possible that the failure to identify HER-2 as a prognostic factor 

may be related to technical difficulties or differences in technique, manifested in the low 

percentage of positive tumor samples in this study. The small size of the patient cohorts in 

previous studies led to a lack of power in identifying the relation between the proposed 

prognostic factor and outcome. The studied populations may not have accurately represented 

the general population of osteosarcoma patients, leading to inaccurate conclusions which 

cannot be reproduced in other populations of patients.
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In order for a biomarker to serve as a prognostic factor that is clinically useful it needs to 

produce results that are sufficiently robust that similar results can be obtained in specimens 

obtained from multiple institutions and can demonstrate their prognostic value in a 

reproducible manner. In the context of osteosarcoma, single institution retrospective biology 

studies are not producing biomarkers which can be consistently reproduced in other 

institutions or cooperative group studies. This suggests that even initial assessments of 

biomarkers of prognosis in osteosarcoma should be performed in the context of multi-

institutional cooperative studies. This will ensure that the methodology is sufficiently robust 

that it can be utilized in specimens with variation in their processing as well as permit the 

analyses to be adequately powered with larger patient sample sizes. Given the poorly 

understood biological heterogeneity of osteosarcoma only large studies will ensure adequate 

patient representation. It is only in this context that an assay has the potential to be 

sufficiently robust to allow the reproducibility necessary to permit use in clinical decision 

making. The establishment of osteosarcoma tissue banks by groups such as the Children’s 

Oncology Group should facilitate these initial assessments and hopefully subsequent 

validation of biological prognostic factors.
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Fig. 1. 
Patient tree. Relationship between all samples analyzed for HER-2 expression and the 

analytic patient population.
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Fig. 2. 
EFS for non-metastatic patients enrolled on the P9754 study by their membership in the 

analytic population.
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Fig. 3. 
Representative staining of osteosarcoma samples with CB11. (A) Negative (0) and (B) 

Positive (4+).

Gorlick et al. Page 12

Pediatr Blood Cancer. Author manuscript; available in PMC 2015 January 09.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 4. 
EFS by CB11 staining and disease at diagnosis.
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Fig. 5. 
OS by CB11 staining and disease at diagnosis.
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TABLE I

Initial Presenting Features for the Total Analytic Population As Well As the P9754 and P9851 Populations

Analytic population Non-analytic P9754 population Non-analytic P9851 population

Gender

   Male 78 (52.3%) 79 (60.8%) 250 (54.2%)

   Female 71 (47.7%) 51 (39.2%) 211 (45.8%)

Race

   White 107 (71.8%) 89 (68.5%) 336 (72.9%)

   Black 21 (14.1%) 20 (15.4%) 58 (12.6%)

   Other 15 (10.1%) 15 (11.5%) 52 (11.3%)

   Unknown 6 (4.0%) 6 (4.6%) 15 (3.3%)

Ethnicity

   Non-Hispanic 90 (60.4%) 97 (74.6%) 381 (82.6%)

   Hispanic 15 (10.1%) 13 (10.0%) 59 (12.8%)

   Unknown 44 (29.5%) 20 (15.4%) 21 (4.6%)

Median age (min–max) 14.02 (4.72–28.40) 14.38 (3.85–30.50) 14.09 (0.18–33.17)

   <10 25 (16.8%) 24 (18.5%) 74 (16.0%)

   10–17 106 (71.1%) 85 (65.4%) 335 (72.7%)

   18+ 18 (12.1%) 21 (16.1%) 52 (11.3%)

Primary tumor site

   Extremity 145 (97.3%) 130 (100%) 428 (92.8%)

   Pelvis 2 (1.3%) 0 22 (4.8%)

   Other 2 (1.3%) 0 11 (2.4%)

Disease at diagnosis

   Non-metastatic 135 (90.6%) 130 (100%) 371 (80.5%)

   Metastatic 14 (9.4%) 0 90 (19.5%)
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