
Abstract

Human Epidermal growth factor Receptor-2 (HER-2) as a new prognostic and predictive factor 
has been believed as an essential measurement in breast carcinoma. About 280 articles were 
reviewed and 115 were referred in this review article on HER-2. HER-2 is an oncoprotein epi-
dermal growth factor receptor produced by a so-called cell surface oncogene. Overexpression 
results in aggressive behavior, early metastasis to lymph nodes and distant areas, and poor 
prognosis in breast cancer. HER-2 seems to be a prognostic and predictive factor and must be 
considered in all breast cancer cases.[GMJ.2014;3(3):132-44]
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Introduction

Peptide growth factors regulate cell divi-
sion and differentiation. They have a sig-

nificant role in initiation and persistence of 
neoplastic changes. Growth factors and their 
receptors are the products of several activated 
proto-oncogenes. Among them, a well-stud-
ied group is Type I Receptor Tyrosine Kinase 
(RTKs). This family includes 4 homologous 
receptors: HER-1, HER-2, HER-3, and HER-
4, which are the products of c-erbB1, c-erbB2, 
c-erbB3, and c-erbB4 proto-oncogenes, respec-
tively. HER-2 is the best known and the most 
important receptor due to its exclusive prop-
erties [1-3]. Proto-oncogenes are converted 

to oncogenes via different processes such as 
mutation or amplification, which activate or 
overexpress their products [4].
HER-2 or c-erbB2 is a natural human pro-
to-oncogene located on the long arm of chro-
mosome 17 (17q21) and can be amplified by 
unknown factors and converted to HER-2 on-
cogene, resulting in overexpression of a hom-
onymous 185 kDa protein in cell membrane. 
As a member of epidermal growth factor re-
ceptor family, HER-2 is a transmembrane 
epidermal growth factor receptor possessing 
an extracellular and an intracellular compo-
nent. This protein is found in various tissues 
including breast, ovary, lung, digestive tract, 
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kidneys, and central nervous system [5,6].
HER-2 gene is amplified in about one-third of 
invasive breast cancers, resulting in produc-
tion of numerous copies (50-100) of the gene 
in each cell, rather than two copies (one in 
each chromosome). This leads to overexpres-
sion of HER-2 protein, so that up to 2,000,000 
HER-2 molecules may exist in neoplastic 
cells, instead of 20,000-50,000 copies per cell 
in normal tissues. This change is a non-hered-
itary event, still with unknown causes.
The extracellular component of HER-2 recep-
tor binds to special ligands called hergulins/
neuregulins, which enhance its kinase activity 
and hence tyrosine phosphorylation. This pro-
cess induces signaling pathways inside cells 
and causes their overgrowth and uncontrolla-
ble division [8-10]. HER-2 gene amplification 
is observed in 25-30% of invasive ductal car-
cinoma [11-14], about 60-75% of ductal carci-
nomas in situ (DCIS), 100% of DCIS Comedo 
type, and a small percentage (about 0.8%) of 
invasive lobular type [15-18]. However, dif-
ferent statistics on the frequency of HER-2 
positives have been reported from different 
regions of the world: 58.5% in Iran [19], 57.8-
67% in China [20-21], 55% in Sweden [22], 
53% in Taiwan[23], 46% in Greece [24], 44% 
in Germany [25], 26% in Qatar [26], 19% in 
Austalia [27], 18.1% in England [28], 18% in 
Spain [29], and 10-15% in Japan [30].
Salmon et al. (1987) were the first to show that 
HER-2 gene amplification can independently 
predict the overall survival (OS) and the dis-
ease free survival (DFS) in breast cancer suf-
fering patients with lymph node involvement 
[31-36]. HER-2 is an independent predictor 
of the disease prognosis in patients without 
lymph nodes involvement as well. A study in 
Canada on 580 breast cancer patients without 
lymph node involvement showed that the re-
lapse risk was higher in HER-2+ patients [37].
HER-2 measurement methods
Given the ever-increasing importance of 
HER-2, its measurement is recommended 
routinely in all recently diagnosed breast can-
cer patients, although it may be measured in 
archival samples (blocks) of breast cancer 
[38]. In addition, recent researches have re-
ported the ability to measure HER-2 by core 
needle biopsy [39]. Various methods are used 

to assess HER-2 status [40, 41].
1.	 HER-2 assessment methods at gene lev-

el performed through Polymerase Chain 
Reaction (PCR), Fluorescence in situ Hy-
bridization (FISH), and Southern Blot.

2.	 HER-2 assessment methods at transcrip-
tion level performed through reverse time 
(RT)-PCR and Northern Analysis.

3.	 HER-2 assessment methods at tran-
scription level performed through En-
zyme-Linked Immunosorbent Assay 
(ELISA), Immunohistochemistry (IHC), 
and Western Blot.

HER-2 assessment with PCR and Southern 
Blot is abundantly performed in research, 
rather than clinics [42], while FISH is a quan-
titative and precise, or better said the most 
accurate method to study HER-2 gene am-
plification. A fluorescent-labeled DNA probe 
including HER-2 is used in this method. The 
DNA probe is approached to the DNA of tu-
mor cells fixed in paraffin on a slide and at-
taches it. Then a second DNA probe whose 
chromosome 17 was labeled with another 
stain is used. This second probe attaches also 
to HER-2 and the product is used as control. 
Finally, the rate of florescent HER-2 attach-
ment to tumor cells is compared with the rate 
of the second probe (healthy control) attach-
ment to florescent HER-2. This approach 
gives rise to a copy with certain number of 
HER-2 gene in chromosome 17. Despite be-
ing quantitative and accurate, this method is 
costly and it is difficult to access to laborato-
ries able to perform it [33, 41, 44].
However, IHC is a common and easily acces-
sible method for assessment of HER-2 status 
[44-46].
Through this method, HER-2 protein is mea-
sured at cell level. A slide of tumor tissue is 
stained with an anti-HER-2 antibody and then 
the tumors are classified according to the rate 
of stainability into HER-2–, HER-2+, HER-
2++, and HER-2+++.
The disadvantages of this method are as fol-
lows:
1.	 IHC is performed as quantitative and sub-

jective, rather than objective. Therefore, it 
is not as accurate as FISH. Some studies 
compared HER-2 measurement accuracy 
of FISH and IHC and showed that in some 
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instances HER-2+ and HER-2++ in IHC 
are not determined as positive in FISH 
and only HER-2+++ is considered certainly 
HER-2 positive. However the method is 
used throughout the world like Iran due to 
its cheapness, rapidity, and ease of access 
[19, 47].

2.	 Another disadvantage of IHC is the use 
of different types of antibodies, each with 
different sensitivity and specificity; this 
may result differently for HER-2 assess-
ment in two different laboratories.

3.	 Maintenance of samples in formalin or 
their fixing in paraffin can alter cells, 
leading to reduction of the sensitivity of 
HER-2 measurement through IHC.

Given the mentioned disadvantages of IHC, 
FISH is currently introduced as the standard 
method for measurement of HER-2 [41,42].

Serum levels of HER-2
Several reports suggested the assessment of 
HER-2 in serum, saliva, or breast secretions. 
HER-2 is measured through ELISA [48,49], 
in these liquids merely for research rather than 
clinical use. However, studies have shown 
that HER-2 measurement in patients’ serum 
can help detect it prior to metastasis. A study 
showed that increased serum levels of HER-2 
in 50% of patients revealed occult metastases 
3 to 6 months before emergence of clinical 
symptoms [50]. This is a new advancement in 
timely prevention and treatment of metastasis. 
As a marker, HER-2 can be measured in se-
rum of treated breast cancer patients for their 
next follow-up [51]. A study in USA on the 
saliva of patients with breast cancer suggested 
the use of this method for screening of breast 
cancer [52].
HER-2 serum levels increase with the disease 
severity. Increased serum levels of HER-2 (> 
15 mg/ml) can be found in 1.7% of patients 
in stage 1, 3% of patients in stage 2, 16.7% of 
patients in stage 3, and 35.5% of patients in 
stage 4 [51].
HER-2 serum level is also correlated to the 
disease progression and relapse. In addition, 
increased serum levels of HER-2 may predict 
lower responsiveness to hormone therapy in 
ER+ patients. In early studies, salivary levels 
of HER-2 in women with breast cancer were 

definitely and markedly higher than healthy 
women or those with benign tumors of breast 
[53, 54]. A study in Iran (2004) showed that 
the prevalence of HER-2+ in malignant tu-
mors was significantly higher than normal 
breast tissue surrounding the tumor [47]. Re-
search has shown that HER-2 serum levels in 
patients under adjuvant therapy (chemothera-
py and radiotherapy) were decreased signifi-
cantly proposing the impact of the treatments. 
Therefore, HER-2 levels can be used to assess 
the effectiveness of treatment [55].

HER-2 and Ductal Carcinoma In Situ 
(DCIS)

As mentioned earlier, positive results of HER-
2 in DCIS are higher in invasive breast cancer 
(60-75% versus 25-30%). Numerous genetic 
events are required to convert an in situ ma-
lignancy to an invasive type. Some studies 
suggest that HER-2 gene amplification and 
hence HER-2 protein overexpression may be 
the most important factors of in situ cancer 
progression toward invasive malignancy [56], 
although further research is needed to confirm 
this theory. The strong correlation of HER-
2 with DCIS proposes that HER-2 may be a 
possible marker of relapse after conservative 
treatment of DCIS [15-18].

HER-2 and Estrogen Receptor (ER) Status

ER is a prognostic and predicting factor of 
breast cancer. ER+ patients have a better 
prognosis than ER– ones and better respond to 
anti-estrogen drugs (e.g., Tamoxifen), which 
have become an important principle in the 
treatment of breast cancer [57, 58].
Numerous studies revealed that HER-2+ and 
ER+ tumors show lower response to hormone 
therapy than HER-2– and ER+ tumors; this 
seems to be due to intracellular functional 
interference of HER-2– with hormone recep-
tors which result in resistance of some ER+ 
tumors to tamoxifen [59].
In a study in United States (2003), intro-
duction of HER-2 into MCF-7 cell line of 
breast cancer, which is dependant and sensi-
tive to anti-estrogen drugs, resulted in cells 
that were independent on estrogen and resis-
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tant to anti-estrogen drugs (e.g., tamoxifen). 
When the yielded cells were inoculated by 
anti-HER-2 antibody, estrogen receptors were 
reconstructed and the cells gained their sen-
sitivity to anti-estrogen drugs. These studies 
suggest that there is a definite and specific 
correlation between estrogen receptors and 
HER-2 and that the sensitivity can be reestab-
lished with anti-HER-2 antibody (Herceptin). 
Hence, administration of this medicine along 
with anti-estrogen drugs can be considered a 
treatment principle in breast cancer patients 
during pre-menopausal ages [60, 61]. A sig-
nificant and specific correlation seems to ex-
ist between ER– and HER-2+ as well, both 
of which are indicators of poor prognosis 
for breast cancer patients [62-65]. Even in 
patients with HER-2+ and ER+ tumors, ER 
quantification revealed that its level in HER-
2+ tumors was lower than those of HER-2–, 
and this issue may demonstrate a process of 
partial resistance to hormone therapy in HER-
2+ patients [60, 66].

HER-2 and P53

TP53 is a tumor suppressor locating on chro-
mosome 17 and its role as a down-regulator 
of cell division is well-known in various tu-
mors including breast cancer. TP53 is the 
best-known mutated gene in human cancers. 
Facing with stimuli such as ionizing radi-
ation, chemotherapy, acidosis, deprivation 
from growth factors, and hypoxia, normal p53 
which is the product of TP53 gene halts cell 
cycle through mediating certain pathways and 
leads cells toward apoptosis. Mutated TP53 
produces a half-life-increased protein lacking 
native conformation and unable to perform 
its normal activities. Overexpression of p53, 
occurred in approximately 30% of breast can-
cers, can be well assessed through IHC; it is 
also correlated to high nuclear differentiation, 
aneuploidy, increased cell cycle, HER-2+, and 
ER–. Several studies showed that positive p53 
in breast cancer predicts a weaker prognosis 
in these patients [67, 68]. It was also shown 
in some studies that overexpression of p53 
and HER-2, as two independent factors, can 
estimate the survival in breast cancer patients, 
regardless of metstasis [50, 69].

A research was launched in Alabama Uni-
versity to determine the prognosis of breast 
cancer using biomarkers. It was revealed after 
15 years of follow-up that a combination of 
HER-2 and p53 overproduction can predict 
disease free survival (DFS) and overall sur-
vival (OS) with greater accuracy than other 
clinical-pathological factors [70]. A study in 
Japan (2003) showed that concurrent inci-
dence of p53 and HER-2 has a more specific 
and more definite prognostic value than when 
one of them is positive and that the prognostic 
value of these factors are independent of the 
others.[71] 

HER-2 and Pathologic Type of Tumor

Overexpression of HER-2 is seen in all well 
differentiated DCISs (Comedo type), 60-75% 
of all DCISs, 25-30% of ductal invasive car-
cinomas, and in a small percentage of lobular 
invasive carcinomas.
The pathologic type of tumor is also a prog-
nostic factor in breast cancer. That is to say, 
the best prognosis is seen in tubular and the 
worse in ductal carcinoma of not specified 
type (NST) [72, 73].
A study was performed in Australia to assess 
the status of HER-2 in breast cancer based 
on clinical, histological, and pathological in-
formation. It showed that 95.5% of HER-2+ 
tumors were ductal carcinoma and only 0.8% 
was lobular. The researchers suggested that 
due to a weak possibility of positivity of HER-
2 in lobular carcinoma, routine assessment 
of HER-2 is not necessary, while the highest 
positive HER-2 was seen in ductal carcinoma 
of NST [13]. Therefore, there is a specific and 
significant relationship between HER-2+ and 
ductal invasive carcinoma of breast [74].

HER-2 and the Grade of Differentiation 

Differentiation grading is the strongest and 
best-known prognostic factor in breast cancer 
[54]. Tissue differentiation is considered as 
the morphologic marker of tumor invasive-
ness. This factor acts somewhat independent 
of lymph nodes and is routinely determined in 
tumor specimens.
There are various methods for determining 
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differentiation, and Bloom and Richardson 
grading system is the best-known and the 
most used. The grading is performed based on 
three properties including tubules formation, 
mitosis counts, and nuclear polymorphism. 
Tumors are included in the following groups 
according to the obtained scores [67].

Well 
Differentiated Score 3-5 Grade I: 

Low grade

Moderately 
Differentiated Score 6-7

Grade II:
Intermediate
grade

Poorly 
Differentiated Score 8-9 Grade III:

High grade

Poorly differentiated tumors are in minority. 
It seems that tissue differentiation grade in-
creases with tumor enlargement and disease 
progress. As an individual property, tissue 
differentiation grade is a definite and specific 
predictor of mortality in breast cancer. When 
the nuclear and tissue differentiation grade is 
low, the tumor will better respond to chemo-
therapy. That is to say, adjuvant chemotherapy 
in a patient with lymph node involvement and 
a grade III tumor will have better prognosis 
than a patient with node+ and a grade I tumor 
[77].
Prognostic effects of differentiation grading 
are also obvious in patients without lymph 
node involvement. In a study by Fisher, it 
was shown that in comparison with hormone 
receptors, grading was an important deter-
mining factor of patients’ outcome. In terms 
of DFS estimation, grading ranks the second 
after tumor size, therefore one can predict that 
the 5-year survival in a patient with well dif-
ferentiated breast cancer and without lymph 
node involvement will be near 100% [78].
In general, the 5-year survival in patients with 
well-differentiated, moderately differentiated, 
and poorly differentiated tumors is 95%, 75%, 
and 50%, respectively. The multivariate anal-
yses also highlights the differentiation grading 
as the strongest predictor of breast cancer-in-
duced death [51].
In a study in United States (2003), the asso-
ciation of HER-2+ and G III was significant 
(P=0.0004) [18].
Moreover, a study was performed in Spain 

(2003) which proved that 97% of HER-2+ pa-
tients were in differentiation grades of II or III 
[13] while in a similar study in Spain in the 
same year, the majority of HER-2+ patients 
were well differentiated [29].

HER-2 and Age

A study in Iran (2003) on 2000 patients suffer-
ing from breast cancer showed that the number 
of patients with HER-2+ in peri-menopausal 
years (46-55) was higher than older patients. 
Therefore, the majority of cancer in this age 
range included HER-2+, ER–, p53+, indicating 
poorer prognosis of them in comparison with 
older patients [19]. This outcome was also 
obtained in USA in 2003, revealing that the 
mean age of HER-2+ patients was lower than 
HER-2– ones, i.e. HER-2+ is frequently seen 
in younger ages. This can be attributed to the 
fundamental pathologic differences in breast 
cancer of younger patients and may indicate 
higher risk of relapse [18].
A similar study was carried out in Switzerland 
(2002) to evaluate breast cancer biomarkers 
and their correlation with the age of sufferers. 
It was concluded that breast cancers emerging 
at higher ages grow slowly and have higher 
possibility of ER+ and lower possibility of 
HER-2+ and positive p53 [79].

HER-2 as a Prognostic Factor for Breast 
Cancer

HER-2 overexpression results an increase 
in cell signaling relevant to mitosis and cell 
division. This molecular alteration leads to a 
poor prognosis in the early phases of breast 
cancer and shortening of disease course and 
relapse interval, as well as overall survival of 
patient [80]. Overexpression of HER-2 is an 
independent prognostic factor in breast cancer 
and increases 2-3 times the risk of relapse in 
patients either with or without lymph node in-
volvement [81-83].
In HER-2+ patients, metastasis occurs fast-
er than those with HER-2–, so that HER-2 is 
considered an independent prognostic factor 
of survival without metastasis [50].
Various studies showed that HER-2 is an un-
desirable prognostic factor in breast cancer 
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patients [84, 85]. Given the abundant infor-
mation obtained about HER-2, it is suggested 
to routinely measure HER-2 in all breast pa-
tients [31, 86].
In a study in Japan on 239 patients with 
breast cancer, HER-2– patients had signifi-
cantly longer survival after their first relapse. 
In this research, HER-2 was proposed as an 
independent prognostic factor after relapse 
[32]. A multivariate analysis in Spain (2002) 
revealed that high levels of HER-2 in serum 
of breast cancer patients with lymph node in-
volvement doubles the risk of relapse and the 
resulted mortality, when compared with those 
having normal HER-2 levels. Given the rela-
tion of high HER-2 titers to DFS and OS, this 
research suggested to quantify HER-2 with 
ELISA in order to identify the breast cancer 
patients at higher risk of relapse and to treat 
them more invasively [33].
In a multivariate analysis performed in Ger-
many (2004), HER-2 was assessed and com-
pared with CA15-3. The study revealed that 
HER-2 is a strong, independent prognostic 
factor of survival after relapse in patients with 
metastatic breast cancer. In contrast, CA15-3, 
which is per se a tumor load marker, had no 
significant correlation with survival after re-
lapse. Therefore, it seems that the prognostic 
effect of HER-2 may be associated not only 
with tumor load but also with its biologic be-
havior [35].
Another study in Finland in 2004 investigat-
ed the early phases of breast tumors (T1N0M0) 
and their relationship with HER-2. The study 
stated that despite expecting a very good out-
come of patients in early phases of breast 
cancer, sometimes unexpected mortalities are 
seen in these patients. Accordingly, numerous 
biomarkers were studied in these patients con-
cluding that overexpression of HER-2 can be 
a reliable factor in determining unfavorable 
prognosis of this phase in patients. However, 
other markers such as Ki-67+, ER–, and p53+ 
were also effective [87]. A research was con-
ducted in Italy (2004) on the role of HER-2 in 
breast metastatic cancer under adjuvant ther-
apy. It was shown that DFS in HER-2+ and 
HER-2– breast metastatic patients was 17.6 
and 44 months, respectively, while OS was 
27.6 and 50.3 months in HER-2+ and HER-2– 

breast metastatic patients, respectively. These 
results showed that overexpression of HER-2 
leads to a bad outcome for breast metastatic 
patients under chemotherapy. This is in spite 
of the fact that these patients respond better to 
chemotherapy regimens than HER-2– patients 
[88]. In a study in Australia in 2004, HER-2 
was introduced as a completely independent 
prognostic factor for breast cancer. Therefore, 
the researchers may find any correlation be-
tween HER-2 and other prognostic factors 
such as differentiation grade, tumor size, ER 
status, and lymph node involvement [27].
Since lymph node status is a distinguishing 
factor in the prognosis of breast cancer, there 
seems to be some contradictions in predic-
tion of outcome in patients without lymph 
node involvement. In this regard, a study on 
580 breast cancer patients without lymph 
node involvement in Canada concluded that 
an increased risk of relapse exists in HER-2+ 
patients without lymph node involvement. 
Therefore, results of this study emphasized on 
the obvious role of HER-2 in determining the 
prognosis in patients without lymph node in-
volvement [37].
A study in Greece (2004) showed that the 
prognostic strength of pathology and disease 
stage is stronger than HER-2 and p53. The re-
searchers suggested performing further stud-
ies on the roles of HER-2 and p53. In addition, 
since HER-2+ patients without lymph node 
involvement were at higher mortality risk, an 
adjuvant systematic invasive treatment was 
suggested in such patients [24].
An interesting feature of HER-2 was revealed 
in a study in Italy (2003) which evaluated the 
impact of surgery on amplification of HER-2+ 

breast cancer. The results showed that when 
the remaining breast cancer, which was op-
erated 48 days after the initial surgery was 
HER-2+, these tumors showed higher ampli-
fication than those of HER-2–. In this study, 
wound drainage and serum specimens were 
exposed to HER-2+ cancerous cells in vi-
tro which resulted in their increased growth. 
However, when HER-2 was removed from 
membrane, a definite and specific decline in 
amplification occurred. The issue was justi-
fied by the researchers so that the existence of 
growth factors like epidermal growth factor in 
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serum samples and wound drainage after sur-
gery stimulate HER-2 as a receptor of epider-
mal growth factor and result in amplification 
and growth of cancer cells after surgery [89].
HER-2 as a determining factor for breast can-
cer treatment policy
The most appropriate systematic treatment for 
a population of breast cancer patients is deter-
mined through clinical trials. Variety of breast 
cancer results in different advantages of a 
therapeutic regimen for every patient. There-
fore, in order to prescribe treatment for each 
patient proportional to her cancer character-
istics, physicians require factors estimating 
response to treatment [90]. One of the most 
important and well-known factors is the status 
of estrogen receptor which positivity necessi-
tates an anti-estrogen (tamoxifen) treatment 
[91].
HER-2 status is a factor that has been used 
extensively in recent years. In addition, since 
overexpression of HER-2 and its increased 
kinase activity results in invasive behavior 
of HER-2+ tumors, this factor has become an 
attractive target for interventional treatments 
with antibodies that can cope with the kinase 
effects of HER-2 [92]. In 1998, the human 
monoclonal antibody of HER-2, called Tras-
tuzumab or Herceptin was approved by FDA. 
This antibody, which acts against HER-2, has 
been initially proposed as the standard treat-
ment of metastatic breast cancer [93], while it 
has gradually become a component of HER-
2+ breast cancer standard therapy, alone or 
in conjunction with other chemotherapeutic 
agents [94-101]. Studies showed that the best 
therapeutic response to this drug was seen in 
IHC-detected HER-2+++ or FISH-positive 
tumors and that Trastuzumab along with che-
motherapy is more effective than chemother-
apy alone [102, 103]. Determining the status 
of HER-2 not only affects the initiation of an-
ti-HER-2 antibody treatment, but also has a 
critical role in determining the type of chemo-
therapy in HER-2+ patients. A study in Italy 
in 2003 showed that the relapse-free survival 
and overall survival of HER-2+ breast cancer 
patients treated with CMF (i.e., Cyclophos-
phamide, Methotrexate, Fluouracil) and ADM 
(Adriamycin) were longer than those treated 
with CMF alone. This study stated that add-

ing ADM to CFM in regimens of HER-2+ 
breast cancer patients contributes to longevity 
of these patients [104]. Some references men-
tioned partial resistance to CMF regimen and 
sensitivity to Doxorubicin in HER-2+ patients 
[105]. In this regard, some studies were per-
formed on treatment with Trastuzumab prior 
to surgery. In two similar studies, HER-2+ 
breast cancer patients in phases 2 or 3 were 
treated with Trastuzumab and Paclitaxel be-
fore surgery and continued with Doxorubicin 
and Cyclophosphamide after surgery. The 
results showed a clinical response of 75%. 
In addition, serum levels of HER-2 were de-
clined after the aforementioned treatment and 
prior to surgery [106, 107].
A study on the effect of weekly and long-term 
treatment with Trastuzumab and Paclitaxel in 
HER-2+ breast metastatic cancer showed that 
not only this regimen was well tolerated by 
patients but also it affects significantly their 
outcome. Hence, the survival of advanced and 
metastatic breast cancer patients increased at 
least for 6 months [108, 109].
Since the status of HER-2 in breast cancer 
metastases reflects the status of this receptor 
in early tumors, HER-2 status can be deter-
mined in metastatic specimens when early tu-
mor is inaccessible, to possibly use the novel 
anti-HER-2 treatment in these patients [110-
112].

Diagnostic and therapeutic applications of 
anti-HER-2 antibody

Anti-HER-2 antibody has been recently 
used for diagnostic purposes. In a study, an-
ti-HER-2 antibody was labeled Tc99, the drug 
was then administered, and the patients were 
subjected to scintigraphy. This method can 
detect the occult cancers with increased HER-
2 levels [52]. Anti-HER-2 antibody was also 
used as a radio. It was found that radiotherapy 
in advanced breast cancer patients will have 
a better impact if it is associated with Tras-
tuzumab, compared with radiotherapy alone 
[113].
Anti-HER-2 antibody has been approved by 
FDA and today it is the standard therapy in 
HER-2+ breast metastatic cancer. However, 
despite its advantages it has some side effects.
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Advantages and side effects of treatment with 
anti-HER-2 antibody
The advantages of anti-HER-2 antibodies can 
be mentioned as follows:
1.	 HER-2 is expressed at higher levels in tu-

mor cells.
2.	 The extracellular portion of the receptor 

includes two immunoglobulin-like re-
gions, which can be well detected by the 
antibody. Hence, it can bind strongly to 
HER-2 receptor, free of cross-reaction 
with other receptors.

3.	 Overexpression of HER-2 protein is uni-
form in cells throughout the malignan-
cy and thus entire cells of a tumor are 
homogenously exposed to the antibody 
[114].

Despite its low manifestation, HER-2 is wide-
ly distributed in normal tissues and hence pre-
scription of the antibody may block normal 
HER-2 receptors leading to side effects. How-
ever, no drug toxicity has been reported so far, 
except for a few cases of sensitivity during 
injection.
Trastuzumab weakens DNA in cancerous cells 
and strengthens cytotoxic activity of chemo-
therapeutic agents. Therefore, nowadays it is 
used as the first line medicine in breast can-
cer treatment and as the second and third line 
medicine along with chemotherapeutic agents 
in breast metastatic cancer. The reason is that 
numerous studies have reported a proper re-
sponse to the drug in patients relapsed after 
chemotherapy. Trastuzumab is more effective 
when administered along with other chemo-
therapeutic agents in comparison with the 
drug alone. However, the rare complications 
of Trastuzumab, i.e. increase in cardiac dys-
function which is exacerbated when adminis-
tered along with antracyclins, should be kept 
in mind [115].

Conclusion

HER-2 is a prognostic and determining fac-
tor for response to treatment in breast cancer 
and has been abundantly considered recently. 
Overexpression of HER-2 indicates weaker 
prognosis, shorter survival, and sooner me-
tastasis. The correlation of HER-2 with other 
undesirable prognostic factors such as high 
cellular differentiation, ER–, p53+, and Ki-
67, as well as pathologic type of ductal carci-
noma (versus lobular carcinoma) significantly 
helps estimating the obscure outcome of pa-
tients. This can be used to identify the high 
risk groups of patients with more confidence 
and to consider more invasive treatments, and 
finally to protect others in low risk groups 
against side effects and drug-induced toxic-
ities. Discovery of anti-HER-2 antibody has 
revolutionized the treatment of breast cancer, 
because this biologic therapy does not have 
the complications of cytotoxic agents and 
rather it was approved by FDA as the standard 
treatment of breast cancer. This study focuses 
on the importance of HER-2 in breast cancer. 
Hence, it is suggested to determine routinely 
this crucial marker in all patients with breast 
cancer.
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