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Determination of her2 overexpression in patients

with osteosarcoma

Abstract

Osteosarcomas accounts for 56% of bone tumors and 15% of all extra cranial solid tumors,
with as much as 50% occurring in patient under 20 years old. The present retrospective study
aim to evaluate if osteosarcomas overexpress Human Epidermal Growth Factor Receptor 2
oncogene, analyze whether it can be an important prognostic biomarker in bone tumors
and to determine whether its expression is associated with disease-free periods and overall
survival. 48 patients were included in the study, the sample was processed for hematoxylin
and eosin, Human Epidermal Growth Factor Receptor 2 using immunohistochemistry,
and fluorescent in situ hybridization for Human Epidermal Growth Factor Receptor 2
amplification in cases with an indeterminate result (score 2+) by immunohistochemistry.
With a mean follow-up of 38.1 months, the study revealed that there was 0% of patient with
expression of Her2 by either fluorescent in situ hybridization or immunohistochemistry,
with only 1 patient expressing a score of Human Epidermal Growth Factor Receptor 2 of
1+, and the remaining with a score of 0. There was no correlation between Her2 expression,
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Introduction

Osteosarcoma (OS) are the most frequent bone cancer, with an
annual estimated incidence in the United States of around 1000 cases
in 2017." Around 40-50% of these cases arise in patient younger than
20 years, being the fifth most common tumor in this age group.? OS
also present a bimodal incidence curve, with a second peak around
65 years.>* In Mexico, 189 cases of OS were reported between 2005-
2010 in patients younger than 20 years, with a net mortality of 0.37
per 100.000 inhabitants.> OS is slightly more common in males, with
male: female ratio of 1.4/1 and is more common in patient who are
caucasic.’?

Several biomarkers for both prognostication and treatment have
been postulated in OS with inconclusive results in the last years.
Similar to the experience with breast cancer, the expression of
hormone receptors (HR) for progestogens and estrogen and it’s
possible impact in development of OS has been described in vitro
and in tissue samples.® However inconsistent results have been also
reported, with different variables affecting the expression of HR,
being almost absent in the cranio-facial type.” Another possible
biomarker identified is Her2/neu, which is part of the family of the

transmembrane, epidermal growth factor receptors (which include
EGFR, Her2/neu, Her3 and Her4), and is involved in the transmission
and maintenance of cell adhesion, survival, migration and survival.
Distinctively, Her2 do not have a ligand, and its dimerization occurs
by random interaction with other monomers of the epidermal growth
factor receptor family and other Her2 monomers, leading to hetero/
homodimerization and promotion of cellular survival.®

Currently, the degree of Her2 overexpression in OS is unclear,
since there are conflicting results. Some report 42-57% Her2
overexpression in OS, with a significant impact in patient outcomes,
including overall survival and metastasis rate.”'* However, other
researcher reported no overexpression of Her2 in OS, and no impact
in metastasis rate or survival.'>'®

This study aims to provide further information in this controversial
subject, using the determination of Her2 overexpression by means of
Immunohistochemistry (IHC) and fluorescent in-situ hybridization
in cases of undetermined IHC. Additionally, a correlation of Her2
overexpression and clinical outcomes, such as metastasis rate,
recurrence free survival and overall survival in this population with a
unique ethnic and race background (Hispanic-Mexican).

Materials and methods

Informed consent was obtained from all individual participants
included in the study. Patients who were diagnosed with OS of the
pelvis and/or extremities between January of 2000 and June 2010
were included. A total of 52 patients were identified, however four (4)
of them were excluded. Three of them were excluded since they did
not receive care in the study institution, and the remaining due to poor
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follow up. All patients were treated in a multidisciplinary group at a
national reference institution (/n stitu to Nacional de Cancerologia,
Mexico).

Pretreatment tissue samples were obtained from all patients that
were included in the study. All specimens were evaluated at the
treating reference center with hematoxylin and eosin (H&E) stain, and
for Her2 overexpression initially with IHC, and later with fluorescent
in situ hybridization (FISH) in case of an indeterminate results (cases
with 2+ score in IHC). Figure 1 for IHC score used. The IHC score
was based on membrane staining of Her2, as it has been previously
described.

Figure | Kaplan Meier Curve describing overall survival.
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Immunohistochemistry

Slides were dewaxed using an oven for 30 min at 65 °C. Hydration
with Xylene for 20 minutes was performed twice, and then 100%
ethanol for 10 min was used. Finally, samples were washed with
distilled water. Antigen retrieval was performed placing the slides in
a Coplin plastic container with 25 ml of TRIS-EDTApH9 buffer at
a temperature of 92 °C for 40 minutes. Slides were cooled at room
temperature and were incubated for 10min in PBS 1X.

In order to eliminate the non-specific background, the samples
were incubated in BSA 5% solution in moisture chamber for 1 hour
and washed with PBS-Triton 0.1% for 3 minutes. Then, slides were
left overnight incubating in a moisture chamber with the primary
antibody anti-Her2 (clone 29D8, Cell Signaling Technology) in a
dilution of 1:500 buffered with PBS 1X. On the following morning,
slides were washed 3 times for 3 minutes using 0.1% PBS-Triton and
incubated again with PBS 1X for Sminutes.
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To inactivate the endogenous peroxidase activity, slides were
incubated in a solution of 3% hydrogen peroxide (Sigma-Aldrich,
323381) and absolute methanol using a 1:10 ratio for 30 minutes.
Again, slides were washed 3 times for 3 minutes using 0.1% PBS-
Triton and incubated again with PBS 1X for 5 minutes. The slides
were incubated with the biotinylated secondary antibody (Dako) for
30 min. After three washes with 0.1% PBS-Triton buffer, the slides
were incubated with streptavidin HRP complex for 30 minutes. After 3
washes with PBS-1X buffer, slides were exposed to diaminobenzidine
(DAB, Dako) and finally contrasted with hematoxylin. All slides
covered with Entellan (Merk, 107960) cover slips. All slides included
previously identified positive and negative controls.

The statistical analysis was performed using descriptive statistics,
using measures of central trend (mean and standard deviation)
for quantitative and qualitative variables, respectively. Parametric
and non-parametric statistics was used to compare variables after
assessing the distribution of each variable.

For categorical variables, chi-squared test (or exact Fisher test when
conditions were not met) was used. All the analysis was performed
using SPSS statistical package, version 20 (IBM corporation). There
were no violations of the ethics code as delineated by Helsinki
declaration in its last review by the world medical association on
October 2000. Since this was a retrospective and descriptive study,
no patient was at risk or was subjected to any change in conduct. The
institutional review board review the study protocol and approved the
study.

Results

48 patients were included, all them had adequate tissue sample, 36
were men (66.7%) and 16 (33.3%) were women, with a mean age of
22.8 years (range 15-47 year). The histologic specimen was obtained
by biopsy in 25 (52.1%) cases, and after resection of the lesion in 23
(47.9%). The most common aftected site was the femur, in 30 patients
(62.5%), followed by tibia, 10 (20.9%), forearm, 4 patients (8.4%),
humerus, 3 patients (4.2%), and pelvis in 1 patient (2.1%) (Table 1).

Table 2 describes what type of surgical intervention the patient
had, and use of neoadjuvant and adjuvant chemotherapy, and its
complications. Patient who received neoadjuvant chemotherapy (25
patients) had 23 (47.9% of total number of patient) partial response.
Adjuvant chemotherapy was prescribed to 34 patients (70.8%),
mainly with regimens involving multiple medications.

The mean follows up time was 38.1 months (range: 3-90 months),
distant relapse presented in 31 patients (64.5%), being lung the most
frequent site of relapse (23 patients). The mean recurrence free
survival was 25.6 months (range: 0-90 months), and the mean overall
survival was 31.4 months (range: 2-90 months). 3 and 5-year survival
was 69.2% and 53.5%, respectively (Figure 2). Of the studied cohort,
20 patients (41.7%) died during follow up.

After using IHC to determine Her2 overexpression in this cohort,
0/48 patients (0%) had expression of Her2. There was only 1 patient
who had a score of 1+, and the rest of the cohort had a IHC Her2
score of 0. Her 2-expression had no impact in relapse free survival or
overall survival.

After the statistical analysis, only the clinical stage affected the
relapse free period in this in this cohort (p<0.0), with higher clinical
stage associated with lower relapse free period.
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Table | Patient characteristics and demographic information Table 2 Description of treatments used and complications

Sex Patients (%) Treatment Modality
Patients (%)
Male 32(66.7) Neoadjuvant Chemotherapy
25(52.1)
Female 16(33.3) Adjuvant Chemotherapy
34(70.8)
. Surgical Amputation
Signs and .Symptoms Upon Patients (%) 26(54.2)
Presentation Limb preserving surgery and reconstruction
: 39(8l1.1) 21 (43.8)
Pain Complications of Neoadjuvant
20(41.7) Chemotherapy Patients (%)
Palpable mass
. . 17(35.4) Hematological Toxicity. 10(20.8)
Impaired Function
Infections. 2(4.2)
Deformity 15@31.3)
9(18.8) Complications of Adjuvant kK

Pathologic Fracture

Histologic Subtype

Paciente (%)

Chemotherapy
Patients (%)
Surgical Complications

9(18.8)
Osteoblastic 28(58.3) Phantom limb syndrome
8(16.6)
Fibroblastic 5(10.4) Infectious complications.
5(10.4)
Condroblastico 4(8.3%) Bleeding complicatins an
Conventional 3(6.3) Prosthesis luxation
1(2.1)
Osteogenic 3(6.3) Cardiac tamponade
Telangectasico 1(2.1) Ve
"y
Mixed 4(8.3) I ‘ ¢
! ;)
Grade Patients (%) . - B
Grade | 8(16.7) «
Grade 2 3(6.3)
Grade 3 37(77.1)

Enneking Clinical Stage

Patients(%)

‘\ Wi
Stage IA 0(0 sy
ge ( ) .{':\L;'\’i‘? 7";'-'.‘, 1 i) "‘f\ .__I" r
AN Gl e
Stage IB 5(10.4) ‘ RN g a
Figure 2 Immunohistochemistry HER2 detection in our patients. A) HER2-
Stage lIA 6(12.5) I+, B) HERI+, C)HER2+, D)HER2 3+
Stage IIB 22(45.8) Discussion
Stage IIl 15(31.3) OS is the most common bone neoplasm, representing around
56% of all bone malignancies. It also represents around 15% of all
Metastasica 31(64.5) extracranial solid tumors,'® and 30-40% of OS presents with have poor

outcomes due to recurrent disease or metastatic disease.!” Over the last
couple of decades, several new surgical and medical improvements
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have led to improvement in quality of life, overall survival and relapse
rate.'®!1” One of the new potential therapeutic and prognostic target is
the overexpression of the Her2 receptor.

Hannayong et al. described a cohort of patient with OS were
57% of patients overexpressed the Her2 receptor, with a moderate
expression in 12% of the cohort!!. Likewise, Onda et al analyzed
Her2 overexpression in 26 patient with OS and used several
techniques (Western blot, southern blot and in situ hybridization),
finding overexpression of the receptor in 42% of the patients, and a
relationship between overexpression and early lung metastasis. '

The possible prognostic value of Her2 overexpression was
also described by Gorlick et al.,”> who analyzed 53 cases of OS
between 1986 and 1999. In this cohort, Her2 was overexpressed in
42.6% of cases, and was associated with worse prognosis and less
pathologic response. Patients who presented with limited disease and
overexpressed Her2 also had a decrease in their 5 years event free
survival (47% vs 79% at, p=0.05).!> These findings were supported
by Klemens, who reported Her2 overexpression in 40-45% of studied
08, also associated with early lung metastasis and poor chemotherapy
response.

However, prognostic value of Her2 is not completely clear, since
several researchers have described good outcomes when Her2 is
overexpressed. Tomohiro et al.'* evaluated 81 non-metastatic (stage
1), OS patients, finding 51 cases (61%) of Her2 overexpression.
Overexpression of the Her2 was associated with improvement in
S-years event free survival (72.2% vs 54%, p=0.03), with an overall
survival in the cohort of 79.7%.'

The present study did not find any case of Her2 overexpression
in 48 patients, with 47/48 scoring 0 and only one patient with a score
of 1+ in Her2 IHC score. No interaction was identified between Her2
status and relapse free survival or overall survival. This results goes in
line of the findings of Kilpatrick et al, who evaluated 41 patient with
OS using H&E, Her2 IHC and FISH, and could not identify any case
of Her2 overexpression and no prognostic value of the marker.'®

The controversy around Her2 in OS was also addressed by Anninga
et al.,’ who also described no Her2 overexpression (assessed by THC,
PCR and FISH) in a cohort of OS. These authors also considered that
Her2 overexpression assessment in prior studies is unreliable due to
use of different monoclonal IHC antibodies and different protocols
used during sample processing and staining. They finally concluded
that given the lack of Her2 overexpression, therapy with Trastuzumab
is unlikely to be effective in this type of tumors.'

Due to the multiple conflicting results and different techniques
used, the relevance of Her2 overexpression as prognostic or
therapeutic marker in OS is doubtful at this point. The first author
to describe Her2 overexpression was Onda et al.!’® in 1996, after
analyzing 26 patients by IHC, using the monoclonal antibody CBE
1, overexpression of the receptor in 42.6%!°. Other authors described
similar results, with overexpression rate ranging from 40% to 61%.'>-!4
However, Onda et al.'® did not assess Her2 overexpression with FISH,
and other authors used different essays. Additionally, the cutoff and
interpretation criteria for IHC is heterogenous (sometimes a positive
result defined with different scoring criteria) and often not reported in
the some studies.”
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These heterogeneous results could potentially be explained by
different interpretation and preparation of the samples. Thomas et al
evaluated patient with OS and Ewing Sarcoma for Her2 overexpression
using the rabbit polyclonal antibody A0485, detecting Her2 in 44%
of the cases. However, the IHC staining was seen in the cytoplasm
and not in the membrane, which is the known pattern associated with
Her2 positivity seen in breast and stomach cancer (and potentially
targetable using therapeutic Anti Her2 antibodies.?! Supporting this
findings, Maitra et al.?? assessed 21 cases of pediatric OS using FISH,
with no positive case of Her2 overexpression.?

The discordance seen in different studies might be related to the
type of assay (IHC vs FISH), type of antibody used and processing
of sample. This is the case other type of neoplasm and Her2 in breast
cancer and PD-L1 in non-small cell lung cancer.” Press et al analyzed
28 Her?2 antibodies in breast cancer (7 polyclonal and 21 monoclonal),
and described significant variability (6-82%) between the different
antibodies.**

Another potentially confounding variable in the case of OS is the
use of formalin to fix the sample during the decalcification. All the
previously reported studies used formalin, and this could interfere
with accurate IHC score. This, in conjunction with variable antibody
used and different scoring criteria could potentially explain this
conflictive and unclear area.

Possible answers to this issue are the creation and application of
standardized process, antibody use and interpretation the Her2 IHC.
Also, alternative methods, such as FISH amplification can be used
provide further data. However, FISH is not exempt of drawbacks
in OS, since this type of tumor frequently have chromosome 17
aneusomy, which can also affect FISH interpretation if the usual
control (CEP17) is used.® Also, localization of OS, histological
subtype, clinical stage, status of treatment and other clinical variables
could contribute to heterogeneous results since most of the studies
have different inclusion criteria and sample characteristics.

Conclusion

The present study showed 100% absence of Her2 overexpression
in a Mexican cohort of patients with OS of the pelvis and extremities,
with no relationship with the evaluated clinical outcomes (relapse free
survival and overall survival).

These results suggest that Her2 is not overexpressed in patients
and does not have any prognostic or therapeutic implication in the
management of patient with OS. However, several prior results
suggested Her2 overexpression in around 40-60% of the patients, with
a clear prognostic value. However, given the heterogeneity of clinical
variables, different IHC antibodies, interpretation and preparation and
other assays, a clear conclusion is not possible at this point.
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