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Purpose: Insulin-like growth factor 1 receptor (IGF-1R) is com-
monly expressed in primary breast cancers. Understanding the
role of IGF-1R signaling in the different subtypes of breast can-
cer is important because each subtype has a different outcome
and requires different treatment modalities. However, the precise
biological significance of IGF-1R expression in cancer cells is
still unclear. In this study, we examined the expression of IGF-1R
in the different molecular subtypes of breast cancer. The effects
of IGF-1R expression on the survival rates and outcomes of
breast cancer were also examined. Methods: IGF-1R expression
was evaluated immunohistochemically in tissue microarray
blocks constructed from 1,198 invasive breast cancer samples
collected from six medical institutions. IGF-1R expression was
interpreted according to the human epidermal growth factor re-
ceptor 2 (HER2)/neu immunohistochemistry scoring system.
Scores of 2+ and 3+ were considered positive. Results: Positive
IGF-1R expression was observed in 65.4% of invasive breast

cancer samples. IGF-1R expression was detected in all cancer
subtypes (luminal A, 84.4%; luminal B, 75.9%; HER2, 21.2%;
triple-negative, 46.6%) and was found to be associated with a
positive hormone receptor status and the absence of HER2 am-
plification (p<0.001). Positive IGF-1R expression was signifi-
cantly associated with high survival rates (p=0.014). However, a
multivariate analysis revealed that the expression levels of IGF-
1R did not achieve statistical significance. In the triple-negative
cancer subtype, IGF-1R expression was found to be associated
with a lower disease-free survival rate (p=0.031). Conclusion:
Positive IGF-1R expression is associated with a favorable prog-
nosis in breast cancer. IGF-1R is frequently expressed in the lu-
minal A/B subtypes of breast cancer, and its expression is relat-
ed to the hormone receptor status.
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INTRODUCTION

Insulin-like growth factor 1 receptor (IGF-1R) is a tyrosine
kinase receptor that is activated by insulin-like growth factor
(IGF) types I and II. An overexpression and enhanced activa-
tion of IGF-1R has been observed in many malignant neo-
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plasms, including breast cancer [1,2]. Nielsen et al. [3] found
that, in a cohort of 930 primary breast cancer patients, IGF-
1R was expressed in 87% of the cases.

The tyrosine kinase receptors of the human epidermal
growth factor receptor (HER/EGFR) family (also known as the
EGEFR or ErbB family)—EGFR, HER2, HER3, and HER4—
and IGF-1R mediate many of the malignant phenotypes of
breast cancer such as increased cell proliferation, decreased
apoptosis, metastasis, and resistance to chemotherapy and ra-
diotherapy [4-6]. Several studies have described the signaling
interactions between the members of the ErbB/HER family of
tyrosine kinase receptors and have implicated the IGF-1R
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pathway in the development of resistance towards targeted
therapies, including towards trastuzumab [7,8], EGFR tyrosine
kinase inhibitors, and tamoxifen [9]. Therefore, targeting IGF-
1R as well as members of the epidermal growth factor receptor
family (specifically, EGFR and HER2) is an attractive thera-
peutic strategy for the treatment of primary breast cancer. In
addition, this strategy may also be useful for the treatment of
breast cancers that develop resistance towards HER2-, EGFR-,
and estrogen (ER)-targeted therapies.

In breast cancer, each molecular subtype has a different
outcome and requires different treatment modalities. ER-pos-
itive luminal breast cancers usually have better outcomes than
the more aggressive ER-negative, HER2-positive, and triple-
negative subtypes [10]. Tamoxifen or aromatase inhibitors are
generally the first-line therapy for ER-positive luminal breast
cancers, whereas trastuzumab is the first-line treatment for
HER2-overexpressing cancers. Currently, there is no targeted
treatment for triple-negative breast cancers, and patients af-
flicted with this subtype usually die within 2 years of diagno-
sis [11,12].

Recently, several studies have shown that IGF-1R is ex-
pressed in all breast cancer subtypes, including the triple-neg-
ative subtype, but the prognostic role of IGF-1R expression is
still unclear. Law et al. [13] showed that the presence of phos-
phorylated IGF-1R is associated with a poor prognosis.
Yerushalmi et al. [14] reported that IGF-1R expression is cor-
related with a favorable prognosis in the luminal B subtype
and a poor outcome in the HER2 subtype.

An improved understanding of the role of IGF-1R signaling
in the different subtypes of breast cancer is required to facili-
tate the development of novel therapeutic approaches.

Therefore, in this study, we examined the expression of IGF-
1R in the different molecular subtypes of breast cancer by im-
munohistochemical analysis and evaluated its effects on sur-
vival rates and disease outcomes.

METHODS

Patients and samples

The Korean Study Group for Breast Pathology collected pri-
mary invasive breast carcinoma samples from six medical in-
stitutions representing each province in South Korea. In total,
1,198 samples were obtained from the Asan Medical Center
(216 cases, 1998), Chonnam National University Hospital
(204 cases, 1997-2002), Chungnam National University Hos-
pital (200 cases, 2000-2003), Samsung Medical Center (199
cases, 2000-2001), Soonchunhyang University Hospital (157
cases, 2000-2003), and Yeungnam University Hospital (222
cases, 2000-2002). All tissues were surgically resected, fixed in
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10% buftered formalin, and embedded in paraftin. A patholo-
gist at each institution reviewed the slides and selected a rep-
resentative block for each case. The tumor area on the paraffin
block was marked with a pen and sent to the Asan Medical
Center to construct tissue microarray blocks. Patient and tu-
mor characteristics, including age, type of surgery, histological
type, histological grade, and follow-up data were obtained
from the aforementioned institutions.

The histological grade of each sample was assessed using the
Bloom-Richardson grading system [15,16] with modifications.

Ethical permission

The Institutional Review Board (IRB) at the Asan Medical
Center (Seoul, Korea) approved the study protocol (number,
2013-0083) and provided all the necessary ethical permissions.

Construction of tissue microarray blocks

Formalin-fixed, paraffin-embedded tissue samples were ar-
rayed using a tissue-arraying instrument (Beecher Instru-
ments, Silver Spring, USA). Briefly, the designated zone on
each donor block was punched with a tissue cylinder (1.0 mm
in diameter), and the sample was transferred to a recipient
block. Each sample was arrayed in triplicate to minimize tis-
sue loss and compensate for tumor heterogeneity.

Immunohistochemical staining and silver-enhanced in situ
hybridization

Immunohistochemical staining for ER, progesterone (PR),
and IGF-1R was performed in the formalin-fixed, paraftin-
embedded tissue microarray (TMA) blocks using a Bench-
mark® automatic immunostaining device (Roche Tissue Di-
agnostics, Tucson, USA) and an UltraView™ Universal DAB
Detection Kit (Ventana Medical Systems, Tucson, USA), ac-
cording to the manufacturer’s instructions. Four-micron-thick
sections were immunostained with primary antibodies against
ER (diluted 1:50, NCL-6F11, monoclonal; Novocastra, New-
castle, UK), PR (diluted 1:100, 1E2, rabbit monoclonal; Roche,
Tucson, USA), and IGF-1R (diluted 1:100, G11; Roche). Sil-
ver-enhanced in situ hybridization (SISH) was performed
with INFORM® HER2 DNA and Chromosome 17 (Chr17)
probes (Ventana Medical Systems, Tucson, USA) on two con-
secutive TMA sections using a Benchmark® automatic immu-
nostaining device (Ventana Medical Systems, Tucson, USA)
according to the manufacturer’s protocol. Both probes were
labeled with dinitrophenol (DNP). The HER2 DNA probe
was denatured at 95°C for 12 minutes and hybridization was
performed at 52°C for 2 hours. After hybridization, an appro-
priate stringency washes were performed 3 times at 72°C. The
Chrl7 probe was denatured at 95°C for 12 minutes and hy-
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bridization was performed at 44°C for 2 hours. After hybrid-
ization, appropriate stringency washes were performed 3
times at 59°C. The HER2 and Chr17 DNP-labeled probes
were visualized using rabbit anti-DNP primary antibody with
an UltraView™ SISH Detection Kit (Ventana Medical Sys-
tems, Tucson, USA). Silver precipitated in the nuclei following
the sequential addition of silver acetate, hydroquinone, and
H,O.. The slides were counterstained with hematoxylin II
(Ventana Medical Systems, Tucson, USA) to facilitate inter-
pretation by light microscopy [17].

Interpretation of immunohistochemical staining and SISH data

SISH data for HER2 expression and immunohistochemis-
try (IHC) data for the expression of ER and PR from a previ-
ously reported study were used for the interpretation of data
in the present study [17].

Evaluation of SISH was performed as described previously.
Briefly, the SISH signals for HER2 and Chr17 were counted in
more than 20 nonoverlapping nuclei per sample. Data was in-
terpreted on the basis of the American Society of Clinical On-
cology and the College of American Pathologists guidelines
[18], which state that an absolute HER2 gene copy number > 6
or a HER2/Chrl7 ratio >2.2 indicates SISH positivity; an ab-
solute HER2 gene copy number between 4 and 6 or a HER2/
Chrl7 ratio between 1.8 and 2.2 indicates an equivocal SISH
result; and an absolute HER2 gene copy number <4 or a
HER2/Chrl17 ratio of < 1.8 indicates SISH negativity.

All immunohistochemical markers were assigned a positive
or negative score. ER and PR were evaluated according to the
Allred score (Harvey). Briefly, the proportion score (0-5) and
intensity score (0-3) were summed to give a total score that
ranged between 0 and 8. A tumor was considered positive for
ER or PR when the total score was > 2.

IGF-1R expression was detected as membrane staining and
defined according to the intensity of the staining within the in-
vasive tumor component in accordance with the HER2 expres-
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sion scoring system described in the Hercep Test™ manual
(Dako). A result was defined as positive (3+) when the tumor
showed uniform, intense membrane staining in more than
30% of the invasive tumor cells. An equivocal (2+) result was
defined as the presence of weak or nonuniform membrane
staining in more than 10% of the tumor cells. A negative result
was defined as the presence of weak/incomplete membrane
staining (1+) or the complete absence of membrane staining
(0) in any portion of the tumor cells (Figure 1). Heterogeneous
staining of IGF-1R within any area of the tumor was assigned
the highest score. An IGF-1R score of 2+ or 3+ was considered
positive.

Molecular subtypes

Breast cancer molecular subtypes were classified according
to a gene expression profile-validated immunohistochemical
surrogate panel (luminal A: ER+ and/or PR+ and HER2—; lu-
minal B: ER+ and/or PR+ and HER2+; HER2: ER—, PR, and
HER2+; and triple-negative: ER—, PR—, and HER2-) [19].

Statistical analyses

The patients’ survival rates were estimated by the Kaplan-
Meier method. To estimate the overall survival (OS), patients
were followed-up from the date of surgical excision of prima-
ry breast cancer until the date of death. Similarly, to estimate
the recurrence-free survival rate, patients were followed-up
from the date of surgical excision of primary breast cancer tu-
mor until the date of the first recurrence. Patients who were
lost during follow-up or died from causes other than breast
cancer were excluded from the analysis. The survival curves of
2 or more groups were compared with one another by the log
rank test and the Cox proportional hazard model. The corre-
lation between IGF-1R expression and categorical variables
(age, grade, stage, lymph node [LN] status, hormone receptor
status, and molecular subtype) was analyzed using Pearson
chi-square test or Fisher exact test. Only p-values of less than

Figure 1. Immunohistochemical staining of insulin-like growth factor 1 receptor (IGF-1R). IGF-1R expression was scored according to the intensity of
the membrane staining in accordance with human epidermal growth factor receptor 2 expression scoring system described in the Hercep Test™
manual (Dako). (A) Score=0, (B) score=1, (C) score=2, (D) score =3 (Immunohistochemical staining, x 100).
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0.05 were considered significant. All statistical analyses were
performed using the SPSS statistical software version 18.0
(SPSS Inc., Chicago, USA).

RESULTS

Baseline clinical characteristics

Of the 1,198 invasive breast cancer samples collected, 1,114
samples were included in the final analysis. The remaining
samples were excluded due to noninformative cores or loss of
cores while performing the IGF-1R immunostaining. The
1,114 breast cancer cases included in this study comprised 961
cases of invasive ductal carcinoma, 23 cases of mucinous car-
cinoma, 29 cases of tubular carcinoma, and 101 cases of carci-
nomas of other histological types. The median patient age was
46 years (range, 20-89 years) and the median follow-up peri-
od was 77 months. In total, 212 patients experienced relapse
or death (19.0%) and 144 patients (12.9%) died. The median
time between the date of diagnosis and the date of death was
41.2 months (range, 41 days-92 months). Complete IHC and
SISH data were available for 968 cases, which could be classi-

Table 1. Insulin-like growth factor 1 receptor expression in molecular
subtypes

IHC-based molecular Negative (=317) Positive (n=651)

subtype (%) No. (%) No. (%) R
Luminal A (56.2) 85 (15.6) 459 (84.4) <0.001
Luminal B (8.2) 19 (24.1) 60 (75.9)

HER2 (11.7) 89 (78.9) 24 (21.2)
Triple-negative (24.0) 124 (53.4) 108 (46.6)
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Table 2. Correlation between insulin-like growth factor 1 receptor ex-
pression and clinical/histological features and hormonal receptor status

Clinical feature EgEE Fesiiie p-value
No. (%) No. (%)

Age (yn) 0.251
<50 203 (62.8) 424 (66.7)
>50 120 (37.2) 212 (33.3)

Histological grade <0.001
1 46 (12.5) 103 (14.6)

2 142 (38.6) 355 (50.3)
3 180 (48.9) 248 (35.1)

T stage 0.261
T 150 (39.3) 306 (42.7)

T2 201 (52.6) 368 (51.4)
T3 31(8.1) 42 (5.9)

LN status 0.294
Negative 213 (65.2) 369 (50.7)

Positive 171 (44.3) 351(48.2)

ER <0.001
Negative 258 (73.1) 176 (25.1)

Positive 95 (26.9) 524 (74.9)

PR <0.001
Negative 261 (73.5) 250 (35.8)

Positive 94 (26.5) 449 (64.2)

HER2 <0.001
No amplification 214 (66.0) 576 (87.0)
Ampilification 110 (34.0) 86 (13.0)

Systemic therapy <0.001
None 51 (14.2) 44 (6.4)

Tamoxifen 43(12.0) 151 (22.0)
Chemotherapy 199 (65.4) 128 (18.6)
Chemotherapy+Tamoxifen 66 (18.4) 364 (53.0)

Radiation therapy 0.515
No 190 (52.9) 348 (50.7)

Yes 169 (47.1) 339 (49.3)

IHC =immunohistochemistry; HER2 =human epidermal growth factor recep-
tor 2.
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Figure 2. Kaplan-Meier analysis of (A) overall survival (OS) and (B) disease-free survival (DFS) in breast cancer.

IGF-1R=insulin-like growth factor 1 receptor.

http://ejbc.kr

http://dx.doi.org/10.4048/jbc.2014.17.2.113



IGF-1R Expression Confers Good Prognosis 117

Table 3. Univariate analyses of overall survival in all invasive breast cancer Table 4. Multivariate analyses of overall survival in all invasive breast
cancer
Factor Unfavorable factor ~ HR 95% Cl p-value
IGF-1R Negative 1509  1.086-2.100 0.014 Factor Unfavorable factor ~ HR 95% Cl p-value
Age >80 yr 1.254 0.885-1.777 0.203 IGF-1R Negative 1.288 0.825-2.010 0.265
Histologic grade 2 1.851  0.785-3.062 0.206 Histologic grade 3 1645  0.749-3.613 0.215
3 3078 1.588-5.966 0.001 T stage T 1875  1.131-3100  0.015
T stage T2 2.478 1.627-3.775 <0.001 T3 5.028 2790-9.292  <0.001
3 7281 4.329-12.245  <0.001 LN status Positive 3.446  2.168-5477  <0.001
LN status Positive 4,623 3.088-6.922 <0.001 Subtype HER? 2,027 1.117-3.680 0.020
Subtype Luminal B 1749 09493225 0073 Trple-negative 1188 0696-2.027 0528
HER2 3.032 1.905-4.824 <0.001
Triple-negative 1685  1.092-2.601 0.018 HR=hazard ratio; Cl=confidence interval; IGF-1R =insulin-like growth factor 1

] ] i - receptor; LN=lymph node; HER2 =human epidermal growth factor receptor 2.
HR=hazard ratio; Cl=confidence interval; IGF-1R=insulin-like growth factor 1

receptor; LN=Ilymph node; HER2 = human epidermal growth factor receptor 2.
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Figure 3. Kaplan-Meier analysis of overall survival (OS) and disease-free survival (DFS) in breast cancer subtypes: luminal A (A and B), luminal B (C
and D), HER2 (E and F), and triple-negative subtypes (G and H).
IGF-1R=insulin-like growth factor 1 receptor.
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fied into four molecular subtypes: luminal A (544 cases,
56.2%), luminal B (79 cases, 8.2%), HER2 (113 cases, 11.7%),
and triple-negative (232 cases, 24.0%).

IGF-1R expression and its association with clinical/histological
features

Positive IGF-1R expression was observed in 728 (65.4%) of
the 1,114 samples. Of the 968 samples that could be classified,
positive IGF-1R expression was observed in 651 samples
(67.3%). This subset included samples from all four subtypes.
IGF-1R was frequently expressed in the luminal A and lumi-
nal B subtypes (84.4% and 75.9%, respectively). However, only
21.2% of the HER2 subtypes were IGF-1R positive (p < 0.001).
In the triple-negative subtype, 46.6% of the cases were IGF-1R
positive (Table 1).

Positive IGF-1R expression was associated with a positive
hormone receptor status (for both ER and PR) and the ab-
sence of HER2 gene amplification (p<0.001). In addition,
IGF-1R positivity was associated with low histological grades
(p<0.001). There was no correlation between IGF-1R expres-
sion and age, T stage (tumor size), and the presence or ab-
sence of lymph node metastasis (LN status) (Table 2).

IGF-1R expression and survival

OS was significantly longer in breast cancer cases with posi-
tive IGF-1R expression than in those with negative IGF-1R
expression (p=0.014) (Figure 2A). However, IGF-1R expres-
sion did not correlate with disease-free survival (DFS) (Figure
2B). Univariate analyses revealed that other factors might be
associated with a poor OS, including a high histological grade
(p=0.001), a high T stage (p<0.001), positive LN metastasis
(p=0.001), and the HER2 (p <0.001) or triple-negative (p=
0.018) subtypes (Table 3). In the multivariate analysis, a high
T stage, positive LN status, and the HER2 subtype were statis-
tically significant poor prognostic factors, while negative IGF-
1R expression lost statistical significance (Table 4). We also as-
sessed the prognostic impact of IGF-1R expression in each
molecular subtype. In luminal A, luminal B, and HER2 sub-
types, OS and DFS were not associated with IGF-1R expres-
sion. In the triple-negative subtype, DFS was significantly
shorter in cases with positive IGF-1R expression (p=0.031),
but OS did not appear to be associated with IGF-1R expres-
sion (Figure 3).

DISCUSSION

This multicenter study included a large number of patients
with diverse subtypes of carcinoma. The results revealed that
positive IGF-1R expression is associated with a favorable
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prognosis and a positive hormone receptor status. Our find-
ings are in agreement with previous studies that showed that a
high IGF-1R level is a favorable prognostic indicator in breast
cancer [20]. Papa et al. [21] showed that increased IGF-1R ex-
pression is a favorable prognostic indicator and positively cor-
relates with ER expression. Shin et al. [22] quantified the
mRNA levels of the IGF-I and IGF-IR and demonstrated that
patients with high expression levels of IGF-1 in cancer tissues
tended to have better OS and DFS. In a recent study, increased
IGF-1R expression, as measured by IHC, was associated with
improved outcomes in luminal B subtype cancers and a poor
outcome in HER?2 subtype cancers [14]. However, other stud-
ies suggest that IGF-1R expression is associated with a poor
prognosis and unfavorable clinical markers. Phosphorylated
IGF-1R was detected in all breast cancer subtypes and was as-
sociated with a poor prognosis [13]. In early stage metastatic
HER2-positive breast cancers that had been treated with
trastuzumab, IGF-1R positivity was significantly associated
with the presence of high-grade tumors, a high mitotic index,
and vascular invasion [23]. However, these studies either ex-
amined the expression patterns of phosphorylated genes or
were carried out in patients treated with HER2-targeted ther-
apy. The patients included in our study were not treated with
trastuzumab. This might explain the contradiction between
the results of the previous studies and those of the present
study.

In our study, we showed that IGF-1R expression was corre-
lated with OS rates, and that IGF-1R positivity was associated
with a number of favorable prognostic factors such as a posi-
tive hormone receptor status (ER and PR), absence of HER2
amplification, and a low histological tumor grade. These re-
sults might explain the loss of statistical significance in the
multivariate analysis of OS.

We also investigated the correlation between IGF-1R ex-
pression and outcomes in different breast cancer subtypes. No
correlation could be detected between IGF-1R expression and
outcome in luminal A/B and HER2 subtypes. However, in the
triple-negative subtype, positive IGF-1R expression was asso-
ciated with a shorter DFS. The triple-negative breast cancer
subtype is a highly diverse group. Recently, Lehmann et al.
[24] suggested that triple-negative breast cancer subtyping is
necessary to enhance the design and effectiveness of molecu-
lar-based therapies. Lehmann et al. [24] identified six triple-
negative subtypes by cluster analysis, including the basal-like
2 and mesenchymal-like types, which express IGF-1R. How-
ever, the authors did not investigate the association between
the six triple-negative subtypes and cancer outcome. It is pos-
sible that each subtype has a different outcome. Therefore, ad-
ditional studies need to be conducted to evaluate the relation-

http://dx.doi.org/10.4048/jbc.2014.17.2.113



IGF-1R Expression Confers Good Prognosis

ship between the six triple-negative subtypes, IGF-1R expres-
sion, and outcome of cancer.

In this study, we observed positive IGF-1R expression in all
breast cancer subtypes. Therefore, IGF-1R targeting might rep-
resent an attractive strategy for the treatment of breast cancer.
Drugs that specifically target IGF-R are now being developed.
IGF-1R-targeted therapy might be beneficial to patients who
do not respond to other targeted therapies (such as trastuzum-
ab and tamoxifen) and to patients with the triple-negative sub-
type of cancer. At present, therapeutic strategies that co-target
IGF-1R and HER?2 are being studied and tested in a HER2-
overexpressing breast cancer model. Studies on the interaction
and crosstalk between IGF-1R and HER2 in BT474 cells
showed that IGF-1R inhibition leads to a reduction in HER2
phosphorylation. Combining IGF-1R inhibitors with trastu-
zumab or HER2 kinase inhibitors resulted in a synergistic
growth inhibition and increased apoptosis [25]. Furthermore,
IGF-1R inhibition by genetic or pharmacologic approaches was
associated with antitumor activity in cell lines and xenograft
models derived from trastuzumab-naive and trastuzumab-re-
sistant HER2-positive breast cancers [8]. Therefore, IGF-1R
immunostaining may be used to screen and select patients who
might benefit from IGF-1R-targeted therapy.

We defined IGF-1R expression according to the HER2 ex-
pression scoring system described in the Hercep Test™ man-
ual because the membrane staining pattern of IGF-1R could
be easily evaluated using this system. Although, this method
is different from that used by Yerushalmi et al. [14], the results
correspond well with those of previous studies.

In conclusion, we found that positive IGF-1R expression
was observed in all breast cancer subtypes and its expression
was correlated with a favorable prognosis. IGH-1R might be a
useful immunohistochemical marker for the prediction of
cancer outcome and for the selection of patients for IGF-1R
targeted therapy.
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